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The first phase of this program required the design, fabrication and testing
of a total of 60 prototype bandpass, tapped delay line and pulse compression
SAW filters on both lithium niobate anti ST-quartz. The First Engineering
Phase (Phase 1) electrical testing demonstrated that the device designs generally
met the specifications imposed by the program. Deviations from specifica-
tion, which required additional test to optimize the levels of padding and/or
shunt resistance and capacitance, were resolved during the Second Engineer-
ing Phase (Phase I1) for the PC-Q, PC-LN and TDL-200. Deviations from the
insertion loss specification occurred with the BP-LN and TDL-100 designs. In
the former case, a redesign excluding the program-specified multi-strip
coupler, was theoretically evaluated, In the latter case, as pointed out in the
Hughes proposal, a theoretical analysis precluded the possibility of a specifi-
cation accommodation. It was necessary to revise the specification for both
designs since the customer insisted on utilization of the multistrip coupler in
the BP-LN.

resting of modified semiconductor pin packages during Phase !1 demonstrated
these to be suitable, cost-effective replacements for the machined chassis em-
ployed for Phase 1. A Quartz orientation problem was highlighted in Phase I
and negotiated during Phase I1. The quartz vendor implemented an effective
screening procedure for the off-orientation problem. However, problems with
this vendor continued in the form of substrate surface defects. Other major
yield problems encountered during these portions of the program resulted
from the dicing and mask making operations. The Phase I and Phase 11 efforts
resulted in a finalized layout, electrical specifications and test procedure for
the Third Engineering Phase (Phase Ill).

- Phase Ill involved fabrication of a large/ quantity (60va. i of confirmator'
devices which were sampled at a high rate and subjected to rigorous life and
environmental testing. Phase Ill was successfully completed with delivery and
acceptance of the comfirmatory samples. The device configuration is detailed
as it existed for Phase Ill along with assembly details, results and conclu-
sions from the Confirmatory Sample production run. (Phase Ill):

The Fourth Engineering Phase (Phase IV) of the program was pilot line produc.
tion effort of 150 each of the devices scheduled to be delivered. Solder sealing
was identified as a problem area during Phase IV for SAW devices in semi-
conductor pin packages. Now solder seal screening and processing procedures
were investigated. In addition, alternative sealing approaches were evaluated.
These procedures, Tungsten Inert Gas (TIG) and projection and setu welding
were demonstrated to be more compatible with SAW processing. They are es-
pecially suitable for high volume production.....

Phase IV pilot line production was completed with the delivery of approxi-
mately 150 of each of the device types. Some devices were shipped short due
to the inability to locate a second source for projection welding, and the ex-
tended lead time in reprocurement of packages capable of being sealed by
alternate procedures.
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Data from Phases I through IV are presented in the Technical and Operational
Volume of the Final Report. Pilot Line process flow and related documenta-
tion are presented in the Process Specification Volume of the Final Report.
All inspection positions, and quality control procedures for Phase IV are pre-
sented in the Quality Control Volume of the Final Report. Cost analysis and
labor distribution for all facets of the program are covered in a non-
distributable volume of the final report.

The program will include preparation of a General Report, which will consist
of an analysis of equipment and facilities required to produce SAW devices of
the type produced in the Pilot Run at a rate of 500 per month. In addition, an
Industry Demonstration was prepared which verbally and visually presented all
facets of the MMT program through the Pilot Run.
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PURPOSE

This report presents the results of the three year effort in satisfying the
requirements of a Manufacturing Methods and Technology Program devoted to
a representative range of surface acoustic wave (SAW) device designs.

The objective of this program was to establish a production capability for
the purpose of meeting estimated military needs for a period of two years after
the completion of the contract, and to establish a base and plans which may be
used to meet expanded requirements. The manufacturing method emphasized
the photolithographic fabrication of SAW devices that are reliable and reprodici-
ble at low cost.

Specific tasks included establishing and demonstrating a capability to manu-
facture the six SAW device designs on a pilot line basis using methods and proc-
esses suitable for a production rate of 150 devices per month for each type. In
addition, engineering analysis and planning remains to be accomplished for ex-
pansion of the manufacturing capability which could accommodate the production
of such devices at a rate of 500 each per month. This analysis and planning will
be delivered in the General Report.

The program was divided into four phases. The first (Phase I First Engi-
neering Sample) addressed the design, fabrication and analytical testing of six
prototype SAW devices that are representative of the major current and potential
application of the technology. While these device requirements did not represent
the state-of-the-art in an R & D sense, they were of such complexity as to re-
quire a serious design effort in each case.

The second phase (Phase II - Second Engineering Samples) was performed
to redesign those devices that failed the intended design specification. The net
result of this effort was to be functional electrical specification adherence,
based on a cost effective packaging commitment.

The third phase (Phase II - Confirmatory Samples) was to test and conform
to specification for both the electrical and environmental commitment of the
various devices. The final phase (Phase IV - Pilot Run) was to test the repro-
ducibility of those predetermined electrical and environmental requirements in
a high volume (150 per month) production environment. A key result of this
phase was the establishment of meaningful manufacturing cost data on each de-
vice as well as a comparison of this data to the prior low volume efforts of the
earlier phases. These data will then be extrapolated to a production rate of
500 per month with assumptions regarding facilities and equipment in the
General Report.
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GLOSSARY

SAW - Surface Acoustic Wave

BP-Q - Bandpass Filter - ST Quartz Substrate

BP-LN - Bandpass Filter - Lithium Niobate Substrate

TDL-100 - Tapped Delay Line Filter - 100 Mltz - ST Quartz Substrate

TDL-200 - rapped Delay Line - 200 Mhlz - ST Quartz Substrate

PC-Q - Pulse Compression Filter - ST Quartz Substrate

PE-Q - Pules Expansion Filter - ST Quartz Substrate

PC-LN - Pulse Compression Filter - Lithium Niobate Substrate

PE-LN - Pulse Expansion Filter - Lithium Niobate Substrate

ST - Quartz orientation, ST cut (420 45'), X propagating

YZ - Lithium Niobate orientation, Y cut Z propagating

TIG - Tungsten Inert Gas Welding

MSC - Multistrip Coupler

K2  - Electromechanical Coupling Constant

fo - Center frequency

B - Bandwidth

T - Time Delay

TXB - Time Bandwidth Product

VSWR - Voltage Standing Wave Ratio

DUT - Device Under Test

LINS - Insertion Loss

SS. L. - Sidelobe Suppression

Sf. t. - Feedthrough Suppression

Sspur - Spurious Suppression

TTN - Triple Transit Signal

j xvii (xvii BLANK)
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4.0.0 CONFIRMATORY SAMPLE FABRICATION, ELECTRICAL AND
N VRONMENTAL TEST (PHASE I1)

As mentioned in Volume III of the Final Report, Phase II of this
program finalized the mechanical configuration of the six part types
designed for this contract. Standard hybrid packaging approaches were
utilized in the final design in order to meet the environmental requirements
of Phases III and IV. However, the new packaging format, along with
transducer and tuning network design tradeoffs, yielded electrical per-
formance which did not meet the original specification requirements.
(Appendix I. Volume II of the Final Report.) As a result, the specifica-
tion was renegotiated to reflect finalized values based on the redesign
(Appendix IX, Volume III of the Final Report). In addition, processing
approaches and equipment choices were finalized during Phase II in antici-
ration of the balanced pilot production line and production rates required
for Phase IV. The processes, and device mechanical/electrical require-
ments which were chosen for Phases III and IV have been detailed in
Volume I, and Appendix IX of Volume III of the Final Report.

Goals of Phase III of this program were: delivery of fifty specimens of
each part type to the finalized electrical and mechanical requirements men-
tioned above; subjection of these parts to the requirements for First Article
Inspection detailed in Paragraph 4.4, Appendix IX, Volume III of the Final
Report. It should be noted that hermeticity was required for Phase III
specimens per the requirements of paragraph 4.6.5, Appendix IX, Volume
III of the Final Report. This required solder sealing of devices, rather
than the tack soldering of lids to the header described for Phase II. Also,
although processes and equipment were finalized for Phases II and IV prior
to initiation of Phase III, the final production line layout and pilot produc-
tion rate requirements were not totally in effect during Phase I1.

This section will be divided into four segments. The first (Section 4.1.0)
will reiterate the design approach outlined in Volume III with additional com-
ments on package sealing. Section 4.2.0 will detail equipment utilized to
fabricate and test the Phase III devices. However, details of pilot line lay-
out, equipment cost and capacity, and facilities requirements will be dis-
cussed in the section on Pilot Line implementation and Pilot Produetion.
(Section 5.1.0. ) The third section (Section 4.3.0) will detail modifications
to the Sampling Plan, First Article Test Flow, and First Article test pro-
cedures. Section 4.3.4 will consist of a presentation of First Article test
data. This will be followed by sections discussing failures (Section 4.5.0)and conclusions from Phase II (Section 4.6.0).

4.1.0 DEVICE CONFIGURATION FOR PHASE III

As was mentioned in Volume III of the Final Report, Tekform 20221 and
20117 headers were chosen for the final phase packaging. Header layout
utilized was outlined in Volume III, and is reiterated in Figure 4.1-1.
These headers are designed to be either solder sealed using a hand solder-
inq iron or projection welded, depending on the lid configuration chosen
(See Figure 4.1-2). As can be seen, hermeticity depends upon good wet-
ting in the areas of the solder fillet. In order to promote wetting. both
lids and headers were ordered with tin plating which was subsequently
fused in the oil bath. Only the pins in the headers were gold plated. The
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I,

impact of the tin plated headers on device layout and assembly are dis-
cussed in Section 3.2.6 of Volume Ill of the Final Report. lids were only
tack soldered on the assembly bench for Phase II to effect good grounding
of the lid to the header. However, for Phases III and IV, packages were
subjected to a two hour vacuum bake at 1250C, transported directly into
a dry nitrogen box (moisture content of the dry box atmosphere was
20 ppm by volume, maximumi), and sealed in the drybox using a hand
soldering iron (Ungar, 50 watt tip) with application of solid Sn 63 solder
(QQ-S-571). No flux was used in the sealing operation.

4.2.0 TEST EQUIPMENT AND PROCESSING

As was mentioned previously, all processes and equipment were finalized
at the completion of Phase II. However, due to the low production rates
required for confirmatory smnple fabrication and test, the pilot production
line layout was not finalized at this point in the programn. Production line
layout, capacity and cost will be detailed in the Section 5.1.0. Equipment
required to fabricate and inspect the devices for Phase III can be seen in V

Table 4. 2.1.

As was mentioned in Section 3.2.6, Volume 3 of the Final Report, the
electrical test fixture is extremely important with regard to feedthrough
for the designs fabricated on this program. The test fixture outlined in
Figure 4.2-1 was utilized for all electrical tests during Pha-.o Il. It should
be noted that this test fixture precluded final electrical test of the devices
subjected to solderability testing per paragraph 3.8, Appendix IX, Volume
III (Group II Testing), since the package pins would not insert into the SMA
connector barrels of the test fixture without damage.

Electrical test equipment utilized to perform acceptance testing of the
devices per drawing Number 1950512-800, Volume I of the Final Report is
listed in Table 4.2-2. Environmental test equipment required to perform
those tests in Group VI testing, Table IV, Appendix IX, Volume I1, is
listed in the appendix on environmental test (Appendix XI).

4.3.0 FIRST ARTICLE INSPECTION

This section describes the confirmatory phase (Phase III) fabrication
and test flow, sampling plan, and test requirements and procedures. At
the conclusion of first article testing fifty each of the first article test
devices were delivered under Supplies line Item OOOAB of the contract
in fulfillment of the Confirmatory Phase of the contract. First article test
samples were construed to be deliverable with the cognizance of the cus-
tomer, since no mention of deliverability was made in the contract.

4.3.1 Fabrication and Test Flow

Device fabrication and first article test flow can be seen in Table 4. 3- 1.
Processes utilized are those detailed in Volume I of the Final Report, and
equipment utilized was outlined in Section 4.2.0. Precap testing was
witnessed by the Quality organization. All wafers were subjected to the
first article inspection called out in Table III of Appendix IX. After pre--
cap electrical test, parts passing test requirements were sent to the seal-
ing station and processed as outlined in Section 4.2.0. As can be seen

4-4
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TABLE 4.2-1. EQUIPMENT REQUIRED FOR DEVICE FABRICATION

HAC I.D. No.

Capital Equipment

Lariniar Flow Hood with Proc';s Sink (1 ea)
*Veeco VE400 Vacuum System H187549
Veeco Thermocouple Gauges H 187549
Airco Power Cabinet H339253
Airco CV-8 SMH 270-2M Controller H334727
CVC 'M|odel LC 031 Hi-Voltage Power Supply H103753-1
Imficon XMS-3 Rate Monitor H334727

*SSEC Model 103 Resist Spinner H334677
*Kasper 1800 Mask Aligner H225148
*Thelco Oven

Laminar Flow Benches (5 ea)
Dektak Profilometer H 198478

*Carl Zeiss Microscope H342904
*Vickers Image Shearing Microscope H327672
Electroglass Dicing Saw H339306
B&L 20x Microscope (3 ea)
RTV Dispensing Machine CAR #529812
Hughes Thermopulse Wire Bonder H302728
Dry Box with Integral Vacuum Oven
Mech El Bond Pull Tester, Veeco Leak Detector

Miscellaneous

Wafer holding fixtures, tweezers
Petri dishes, beakers, etc.
Resist dispensers (eyedropper)
Desiccators, dry nitrogen storage cabinets
Hot plates, soldering irons
Ultrasonic cleaner

*Indicates equipment under laminar flow benches

from Table 4.3-1, a sample was then pulled for the lead integrity test re-
quired in paragraph 4.6.4.2 of Appendix IX. One hundred percent of
parts coming from the package seal station were subjected to hermeticity
test. Hermeticity rejects were high for this phase of the program, ap-
proaching 40 percent for some part types. Hermeticity rejects were chosen
to be subjected to the lead solderability test (Group II), since lead solder-
ability is not related to package hermeticity. These parts were not elect-
rically tested due to inability to fit in the test fixture. Tests from the
non-destructive Bond Pull Test operation to the visual inspection operation
after acceptance electrical in Table 4.3-1 comprise the requirements of
Group I test for 100% of the devices entering environmental high tempera-
ture storage and operating life test (Group III and IV test).

I4
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Figure 4.2-1. Schematic Cross Section of Improved Electrical Test Fixture Utilized for Phases II.
!ii and IV

Since all deviees (fifty each) were subjected to hermetir-ity test, Fll ,peci-
mens coming out of Group I test were subjected to the short circuit test in
fulfillment of the Group V test requirement outlined in Table IV. Appen-
dix IX. The balance of the parts ,'ere subjected to either of Groups III.
IV, and VI test procedures. A request was made of ECOM to perform
tests in Groups III and IV serially, since it was felt that there would be no
rejects for this series of tests and Method 5008 of MIL STD 883 recommends
the use of the high temperature storage test "...in a screening sequence,
or as a preconditioning treatment prior to the conduct of other tests..."
Endpoints per the requirements of Table IV, Appendix IX (fr and Lins)
were made after Group III test to detect failures. All parts passed and were
subsequently subjected to Group IV testing. The remainder of all part types
were subjected to Group VI testing. After Groups Ill, IV. and VI test, all
parts were subjected to a complete acceptance test procedure per IIAC draw-
ing number 1950512-800 which can be seen in Volume I of the Final Report.
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TrABLE 4. 2-2. ELECTRICAL. 'rE'ST EQUIPME-1NT

lnstr. M fg. Model IIAC No. Accuracy

Oscilloscope, Alfred 8000 11- 190035 2%
Sweet) network Alfred 7051 11- 190036 2%

Amplifier Avantek UTA 31IN *SN 1:3
Ampliffier Avantek UTA 311iM *SN 14
Amp~lifier Avantek uPTA 31 IM *SN 14
Amplifier Avantek UTA 311M *SN 15
Amplifier Avantek AV9-M *SN 51
Pullse genlerator E-1I Research Lab 13911 H1190151
Power suippl\- Hewlett Packard 6215A H958495 3%
Power supply Hewlett Packard 6215A H-958496 3%
C rvstill detetMor Hewlett Packard 423A ±0. 5 (11
Attenuattor Hewlett Packard 355C H 958836 ±0. 25 dBi
Attenuattor Hewlett Packard 355D H 958837 ±1. 5 dBi
Attenuator Hewlett Packard 355C 11958498 ±0. 25 dli
Attenuator Hewlett Packard 3551) H 958497 t1. 5 dBi
Oscilloscope Hewlett Packard 183A 11201430 3%
luual Channel Howlett Packard 1830A H2014:11 3%

Vtert . Amplifier
Time Bitse and Hewlett Packard 1841A H202632 3%

D~elay Cenerator
Electr-onic counter Hewlett Packard 52461, 117619 +-1 count
Frequencyv oniverter, Hewlett Packard 525313 11182632 ± I count
VHF 'Signial Generator Hewlett Packard 6081) H 40267 0.05%
Oscilloscope rektronix 5 35A 11-76288 3%
D)ual tracee plug in rektronix IA I H-I 18"1690 3%
Rho-tector reionic TRII -1 *4076- 56 5%
Termination Telonic Trw- -1 .0ow., *4099-:1 5%
sweep)/Signal Walvetech 2001 11-:142966 5%

Generator

*A\ste risked equipment w~k 110nt procured ats capital eqIuipmen t mid is therefore i
(designated by manufacturer sample number or lot (date code of man ufactutre.

All parts were then subjected to a sample visual inspection by the Quality
organization. Fi.fty each of the parts subjected to the above testing were
selected and shipped ats deliverables for the Confirmatory Sample Phase
of the contract.

4.3.2 Sampling Pln

As wits Inferred from Section 4. 3. 1. the sampling plan utilized for
Phase IlI was modified slightly from that required Ii the original specifi-
cation (Appendix IV). In all cases, engineering judgement wats applied to
make testing sequences fit logically with the produnct fabrication flow. A
summary of the sampling plan utilized for first article test can be seen inl
Tlable 4. 3--2. D~ifferences between requirements called out Ii Appendix I\.
Volume I1l1, and Tlable 4.3-2 aire: Group Ill and Group IV testing wats Lx)m--
blued. *i.e. ,performed on the same sample. Group V test wats performed on 4-



TABLE 4.3-1. PHASE III FABRICATION AND TEST FLOW

4 Clteant Waferq

Met allization Deposit ion

P hototit haagrap Ity

S Visual Inspection G250X . Para 3.2.4.1. 3.17. 4.6.1.1)

S Die Marking

'it Metallization Adhesion (Peru 3.2. 1.2, 4.6.2)

S Short Circuit (Pors 3.9 and 4.6.0)

S Wafer Dicing

,. Visual Inspection (20X -Pars 3.2.4.2, 4.6.1.2)

M De Attach

Toroid Alttacit

I Wire lionda

I Non destructive lionat Pull Tent (Para 3. 5. 2. 4.6.4. 1)
It0 Devices of each Poart Type

Pre capl Tune and Acceptance Electrical Tent - Parna 3.10

Visnal hIspection (20X - Parn 3.2.4.2)

Package Seal

S Load Integrity (Parn 3.5.2. 4.6.4.2 Sample of 10 Devices)

liermoticity Tceal 6 ea 111.. 12 on All Other

hnarkIn g ( Para 3.161)

Acce ptance Kleetrical Test -Pars 3.10

Visual Inspection (20X P'ar a 3. 2. 4.2)1

t4-mil) V Short Circuit Trest (Para 3.9)
L - .- - - - - - -

Iligh Temp. Storage '

Non operating I Para 3. 111 ritl~ll odrhlt
4,imetl Sodrblt

Electrical Test , ~ Test (Para 3.12. (Para 3.81)
Par,t 3.10.1 and 3.10.5 2 ~ 3.13. 3.14. 3.7)

Operating L~ife
4, Par 3.5)cceptance Visual

j. Eect rio-A inspootinm2 Acceptance Electrical ei , Teat t2t1X Porn
Teat Porn 3. 10 P I ara 3.10 3. 2.4. 2)

Visual Inspect ion
(20X -Para 3.2.4.1
AQI. 

4.0)

Pack

Note:

1.All Inspectiton anll elect rical testsa are 1 t00 of d, a -/ wafers at that
point unless otherwise notes.
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TABLE 4.3-2. PHASE III SAMPLING PLAN

TDL 200 TDL 100 BP-LN BP-Q PC-LN PC-Q

18 (8) 18 (8) 11 (11) 11 (11) 11 (11) 11 (11) No. Wafers Fabricated 1

12 9 32 33 45 20 No. Die per Wafer

166 (42) 127 (42) 190 (84) 221 (84) 261 (84) 122 (84) No. Visually Acceptable
Die2

77 78 54 61 53 56 Percent Passing Visual
Inspection.
Submit for Group II

16 (6) 6(6) 12(12) 12(12) 12 (12) 12 (12) Devices Test. 3

67 73 56 54 54 58 Devices Passing Post
Seal Acceptance Test

27 27 50 50 50 50 Min. Sample Required for
Group I, and First 4
Article Test of Devices.

9 18 18 18 1 Min. Sample Required for\ Group III. "

9 Min. Sample Required for
99 18 Group IV. 4

6 6 12 12 12 12 Min. Samile Required for
Group V.o

Min. Sample Required for
12 12 24 24 24 24 Group VI.

010 1 010 1 0 1 0 2 0 1 0 2 0 1 0 2 0 1 0 2 No. Defective
(Max.)

Notes:

1. Program requirements (Table II, Appendix IX, Volume III of the Final Report)
are in parentheses.

2. "Operable" in Table II listed above has been interpreted as meeting the visual
requirements of an inspection standard which has been demonstrated to meet
the electrical requirements of the program. Minimum program requirements are
in parentheses.

3. Devices submitted for this test were hermeticity rejects, which had previously
passed precap acceptance test. Hermeticity failures have no bearing on lead
solderability, and solder tinned leads do not allow insertion of the specimen
into the test fixture. Minimum program requirements are in parentheses.

4. Groups III and IV testing were performed sequentially, thereby reducing the
total sample size.

5. Group V test was performed on all specimens passing Group I test.

4- 9



100 percent of parts passing Group I test, rather than a sample of 12 or 9
devices, depending on the part type; fo and Lins, per paragraph 3. 10.1
and 3.10.5 of Appendix IX, were determined between Group III and Group
IV test to ascertain where failures occured, [The combination of Group III
and Group IV test caused a reduction in the sample size required for Group
I testing]; and Group I1 test was performed on heneticity rejects.

4.3.3 Test Requirements and Procedures

A stmmary of first article inspection requirements for completed devices
can be seen in Table 4.3-3. In addition, other requirements were imposed
at the wafer level in Table 1i, Appendix IX, Volume III of the Final Report.
Discussion of the wafer evaluation requirements and procedures will be
followed by discussion of the individual tests in the sequence listed in
Table 4.3- 3.

4.3.3.1 Wafer First Article Inspection Requirements

After pattern definition, wafers were subjected to a Iinewidth measurement
using a Vickers image shearing microscope. They were then placed at the
visual inspection station, and each die Inspected individually using a Carl
Zeiss microscope at 250X to the inspection requirements outlined in Table
4. 3-4. The requirements outlined in Table 4.3-4 were derived from a cor-
relation between electrical performance and visual flaws on specimens fabri-
cated during Phases I and II of the program. These requirements embodied
the reference standard called out in Table II, Appendix IX, Volume III.

Wafers were viewed in transmitted light with the exception of trying to
discriminate between a metallization short and debris on the surface of the
wafer. In this case, it was necessary to switch from transmitted to re-
flected light. Surface particulates could be distinguished from metallization
shorts by determining the focal position variation when viewing the defect.

The depth of focus for this microscope was quite shallow at 250X, and
surface particulates would remain in focus when the metallization pattern
was lowered from the lens and defocused. This particular microscope was
not easily switched from the transmission to the reflected light mode. Mode
changes required turning on the reflected light source and decreasing the
intensity of the transmission source, entailing taking one's eye away from
the microscope and adjusting two switches and two potentiometers.

In addition, as the crystal was inspected, a map of the defective devices
was made, enabling marking of the defectives after the entire wafer was
inspected. This model microscope did not have an image Inverter, since its
use was primarily for metallographic work. As a result, the operator had to
mentally invert her observations when marking the crystal map in order that
it would correlate the inspection rejects to the proper device on the crystal.
This was especially tedious for wafers with a large number of devices. These
operations were quite time consuming, requiring an average of 1. 3 man-hours
per wafer for inspection, and undoubtedly leading to the marking of good
devices as defective, resulting in the acceptance of visually discrepant die.

Future work of this kind will require an inspection microscope that could
be switched from transmission to reflection with the flip of a single switch to

410
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TABLE 4.3-3. PHASE III INSPECTION TEST REQUIREMENTS FOR
SAW DEVICES

Applicable
Group Test MIL-STD Method Condition Comment

I Wire Bond and 883 2011 A and D 2 gmn tension. Non-
Lead Integrity destructive pull

test . 10 devices

II Solderability 883 2003- -

III High Temperature 883 1008 A 72 hrs. 0 75 0C
Storage non-operating

IV Life 202 108 -- 850C for 500 hirs,
operating - 10 MW
CW @ f

0

V Hermeticity 202 112B C Fine Leak
A Gross Leak

VI Vibration 202 201 -- 10-55 Mz sweep in
one minute,* 2 hrs /
axis, test 3 axes.
tion-operating

Shock 202 213 1 100 G, 6 ms saw-
tooth 6 shocks/axis
test 3 axes
non-operating

Thermal Shock 202 107 A 10 cycles, -551C to
+-85 0C air to air.
1/2 hr. dwell
non-operating

Moisture 202 106D -- See Figure 4. 3. 2
Resistance w /50 V polarizing

voltage applied

I Visual Inspection --- -Hughes QMS M- 035
(Appendix XII)

IIII, Acceptance --- -Hughes Dwg
IV, VI Electrical Test #1950512-800

Procedure Volume I. *Final

Report and P1arti.
3.10, Appendix IX
Volume 3.

N, VI Short Circuit- ---

Test

4-Il1



TABLE 4.3-4. PHASE III WAFER INSPECTION CRITERIA

Visual Metal Thickness
Criteria Criteria Comments

0
BP-Q 3 opens-active area 2000 A + 15% 3.9im lines, double electrodes

source withdrawal and apodized.
Transducers

0
BP-LN 0 open-active area 1000 A ± 10% Lin s too low - Scribed open

fingers on MSC to bring into
1 open-inactive spec. both trans. apodized,
area 2.9 4lines

0PC-Q 3 opens-active area 1200 A + 15% 4.5 to 6.3 pLm lines
One transducer apodized

0

PC-LN 3 opens-active area 1500 A ± 15% 5.0 to 7.0 p4m lines
One transducer apodized

0TDL-100 3 open taps 400 A ± 10% 3.9 pL lines double electrode
(7 electrodes each) 7.9 pLlines in tap.

TDL-200 Same as TDL-100

Notes

1. No shorts are allowed in the active area on any device type.
2. Unless otherwise specified, shorts in the inactive area of a device are

permissable In any number.

turn on and off the proper combination of light sources. The image invert-
ing feature should also be built into the optics. American Optical Co. has
recently come out with such an instrument.

After visual inspection, the wafer map is used to mark good die with a
numerical code which defines the wafer number and evaporation lot number.
A short circuit probe test was then performed on all devices passing visual
inspection. Wafer metallization thickness was measured using the Dektak
profilometer.. Wafers were then submitted for dicing, and a rejected device
retained from each wafer. The rejected sample devices were then submitted
for cleaning, after which they were subjected to a tape pull of metallization
adhesion test (para. 4.6.2, Appendix IX). After passing the aforementioned
test sequence, die from accepted wafer lots were then cleaned, reinspected
per QMS M-035 (Appendix XII), assembled to headers, and submitted for
the tests detailed in Table 4.3-3.

4.3.3.2 Wire Bond and Lead Integrity

Test Condition A - This procedure calls for the pull test of external
package leads with requirements called out in paragraph 4. 4.1. 2 of
Appendix IX. Hughes Interpreted this requirement to be 50 gins force

4-12
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in a direction parallel to tile lead axis and no greater than 5 degrees bending
of the lead from a direction perpendicular to the plane of the header for the
dual-in-line types of packages used on this programn. No cracking of the
glass bead oter than meniscus cracking such as that defined in MIL,-STD 883
was permitted. Hermeticity was required to be retained through this test.

*rest Condition 1) - Although Method 2011 is generally called out as a
destr--t'ITve test. tle bond strength required for 2 mil gold wire in Appendix
IX (2 gins - paragraph 4. 6. 4. 1) is considerably lower than the destructive
bond pull limit specified for 2 mil diameter gold wire (7.4 gins - Figure 2011. 1).
Hughes interpreted this to mean requirement of a non-destructive bond pull
test with details as called out in paragraph 3.4 of Method 5008, MIL-STD- 883.
Since one mil diameter gold wire was used on these devices. bond pull test
requirements were then derived from the MIL-STD to be 1.5 gins pull force.
No failures were allowed, in order to pass the first article lot acceptance.
A sample of ten specimens was pulled from each device type.

4.3.3.3 Lead Solderability

This test is used to evaluate the solderability of the leads on the hybrid
packages utilized for all part types. As was mentioned previously only the
pins of the packages were electroplated. Plating sequences used for these
leads were electroless nickel, followed by electolytic gold of 50 to 100 micro
inches thick. Solder will dewet during this test if the gold plating is of
insufficient thickness or porous enough for tile underlying base material to
oxidize. Ilermeticity rejects were tested on the sample basis specified in
Section 4.3.2. Prior to solder tinning of the package leads, parts were
preconditioned by suspending over boiling deionized water for one hour.
The leads were then tinned in a solder pot containing Sn 60 solder for 5
seconds, a period of time sufficient to scavenge all the gold plate on the
leads into the solder bath. Tinned parts were then subjected to visual
inspection at lOX, with failure criteria being greater than 95 percent dewet
ting and/or pinholes concentrated in one area greater than 5 percent of the
tinned area.

4.3.3.4 igh Temperat ure Storage

Parts sampled per Section 4.3.2 were maintained in an oven at 75°C'C for
a period of 72 hours under ambient atmospheric conditions. The center
frequency and insertion loss of the sampled parts was then measured.

4.3.3.5 life Test

Parts were plugged into test xards similar to the one shown tor the 14l, Q.
HP-1,N and PC-Q devices in l'Igure 4.3. 1. Mounting of tihe parts oil tile
boards was identical to the specimen holder depicted in I.Igure 4.2. 1. Test
boards were designed to accxmodate tile sample size called out ill Table
4. 3 2. i.e., 18 each for the Handpass and Pulse ('ompression devices and
9 each for the TDI, devices. It should be noted that in order to meet tile
reqluirements of this life test. each part under test must see normal input
power levels. i.e. . "the device must be performing its operational functioti."
To implement this requirement all N -way power divider must be used . where

Ni I, ST)- 202E . Method 108A. Section 1.
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Figure 4.3-1. Typical Prin~ted Circuit Board Layout for O)perating Life Test of PCQ, BPLN and BPQ

Devices. Parts were inverted into the board in a manner identical it) that lepicted in Fit~ue421

Output of eachi string of devices was fed into a 5OU2 resistor.
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N is the sample size for each part type. A suitable configuration to achieve
this condition is shown in Figure 4.3-2 for the maximum sample size of eight-
een devices. Note that the devices are matched to a 50 ohm line. The test
board and equipment configuration depicted in Figure 4.3-2 would cost ap-
proximately $1,100. Performance of the 500 hour life test on all parts in a
serial fashion would have required eighteen weeks test time. This test time
could have been reduced by half with the addition of another test board,
but double the equipment cost. In order to test all six parts simultaneously.
a more expensive configuration than that depicted in Figure 4.3-2 would
have been required. In light of the extensive test time and equipment cost,
a life test of reduced scope was implemented, utilizing the test boards de-
picted in Figure 4.3- 1.

Figure 4.3-3 shows a typical configuration of the way the devices were
actually tested. Devices were wired in the series-parallel configurations
noted in Table 4.3-5. As a result of this wiring configuration, devices in
series beyond the first one or two devices saw extremely low power levels,
due to the 20 to 55 dB insertion loss of the previous devices. This con-
figuration has the effect of subjecting some devices to essentially a 500
hour high temperature storage test at 851C. However, the remainder of
the devices "performed the operating function", which in essence simply
reduced the sample size for the life test. It should be noted that input
power levels were not specified in paragraph 4.6.14 of the electrical spec-
ification (Appendix IX, Volume III of the Final Report).

4. 3. 3. 6 Hermeticity Test

This is a standard test used in the assembly of all hybrids. Parts were
pressurized in a helium bomb at 60 psi for 2 hours. Within 0.5 hours of
removal from the helium bomb, parts were subjected to fine leak testing in
an automated Veeco leak detector, which was calibrated with a controlled
leak traceable to NBS standards at the start of hermeticity test. After per-
formance of fine leak testing, parts are then subjected to gross leak testing
by submersion in Freon FC-40 at a temperature of 125 0 C.

4.3.3.7 Vibration and Shock

Test procedures, specimen fixtures, and equipment are outlined for these
tests in Appendix XI. A short circuit test was performed between vibration/
shock test, and after shock testing.

4. 3. 3.8 Thermal Shock and Moisture Resistance

Thermal shock testing was performed in an apparatus that maintained
two chambers at -551C and 85 0 C with ambient atmospheric conditions. Parts
were placed in the cylindrical specimen holder which rotated between the
two chambers with a 5 minute dwell between temperature extremes. Thermal
capacity of the chambers was such that test chamber temperature reached
the required value within two minutes of transporting test specimens into
the chamber. Parts were subjected to 10 cycles from -550 to 85 0 C, followed
by subjecting to a short circuit electrical test.

Moisture resistance was performed on the specimens after thermal shock
testing. Initially parts were dried in an oven for 24 hours at 50 0 C. after
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(1)(2) (6)-

5 011

OUT

INPUT > 
U

OUT .. 0OUT

Figure 4.3-3. Typical Life Test Circuit Board Configuration

TABLE 4.3-5 DEVICE LIFE TEST BOARD SCHEMATIC DETAIL

Number of Chains Number of Devices in Termination
Device Type F0 (MHz) in Parallel Series per Chain Resistance

RP.-Q 100 3 6 510

BP-LN 150 3 6 510

PC-Q 150 3 6 5101

PC-LN 150 2 9 510

TDL- 100 100 3 1 @6 5101
2@ 4

TDL-200 200 3 1 @ 6 510
2 4
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which they were subjected to ten of the cycles represented in Figure 4.3-4.
A polarization voltage of 50 V D.C. was applied during the cycle between
25 0 C and 65 0 C at 89-98% relative humdity. The polarization voltage was
applied by attaching all input and output terminals of the devices under
test to the positive terminal of the power supply. All ground terminals
were attached to the negative terminal. After the tenth cycle, the parts
were removed from the humidity chamber and a complete set of electrical
measurements performed per the acceptance test procedure listed in Table
4. 3- 3 within 2 hours of removal from the chamber. Parts were then meas-
ured again after twenty four hours.

4. 3. 3. 9 Device Visual Inspection

Visual inspection requirements can be divided into two areas: crystal
die. and requirements related to header assembly. After the wafer in-
spection at 250X mentioned in section 4. 3. 3. 1, headers are assembled with
cleaned die, toroids installed, and precap test performed. Completed head-
ers are then inspected to die requirements outlined in QMS M-035 (Appendix
XII). Wire bonds and solder joints are inspected to MIL-STDJ 883, Mlethod

2017.1.

4.3.3.10 Electrical Test

Acceptance test procedures and equipment are outlined in Hughes Draw-
ing #1950512-800. Volume I, of the Final Report.

4.4.0 FIRST ARTICLE TEST RESULTS FOR PHASF III

As can be inferred from Table 4. 3-1. only parts passing Group I test
were subjected to further testing, with the exception of parts subjected
to Group II test. Hermeticity rejects were subjected to the Group II
solderability test, since lead solderability has no relationship to electrical
performance. Fifty of each part type passing Group I test were then sub-
jected to the sampling plan outlined in Table 4. 3- 6 for the various test pro-
cedures. All parts going through the test plan outlined in Table 4.3-6
were then delivered in fulfillment of the contract requirement.

TABLE 4.3-6. REVISED MINIMUM SAMPLING REQUIREMENTS
FOR PHASE III

High T Storage/Life Shock, Vibration. Thermal
Group I. III. IV, V Shock and Moisture Hermeticity

Resistance Group I. VI Group I. V

BP-Q 18 (0/1) 24 (2) 8 (0)

BP--I,N 18 (0/1) 24 (20) 8 (0)
PC-Q 18 (0/1) 24 (2) 8 (0),

PC-QLN 18 (0/1) 24 (2) 8 (0)

TDI.-100 9 (0/1) 29 (1) 12 (0)

TI)L- 200 19 (0/1) 9 (1) 23 (0)

Note: Numbers in parentheses indicate number of defectives allowable.
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TIhe te4.st sequnence to Which eaich inudi vidual~t part wits subjectedI can be,
seen i I Appendix XIII . along wit finalil electrical tlatti tmken atervi thlt series
of' tests. Note that I? fliii the 'I'I 11and PC devices . T fbir the PC devitcs
and T X j" lt tit tlP anld 'DL' devices wits not iiietistred , du te to thle
a rgumienits discussed ill Section 3. 3. 0, Volume :3 of* thet Final H epo rt . fI
addi tioni. tilit, V SWII wit 55 iiisured oil fill dievices bilt i lirilig I' hatse II.
Secotid Enagi neerintg Samlple P~hase. rte reult s were. cbundiii, general to
t'all well 'withlin tilt! spec. limiits. However . several Pha11se, 11 dev ices fil led
VSWRI hetweeii precap and finll test. 'File out of' spec condhitioni wits
attibuted to excess R1TV dispensed through thle center section ofI the
toroid core, plac-ed ait tile devi ce input anld out put port . The addled dielec

nci iat er al ill e ffect i nciealsed tille(dis t ri hut ed ctipaecit alie of* the ii t clli a
ittwork . w li- li i turn. generated tilie i icreaISed Mism at lit~ 0onditionl.

liased onl tilte observed VSWR test results . and inl order to save timie
anid kNost , it it s decided to performi only pais5 rejeet retturn loss measure,

me nts . its is indicated in Appendix XlIII. A summ ary of' fiii hires occuirrinigV
duinig Il rst article test can11 he seen in '1'able 4.3: 7. [i atall cases . tile
i11111 her of, fitires ex perieinced wats withlini tilie limits allowed by the
Ctiiit patct.

-1.5.0 DIl~SCUSSION OF FAILURES

Tlable IV of' thle electrical specification (Appendix I X. Volume 1ll) speci
fled that only iiisertion loss and Center- frequnency be miellsured fler tile
non operating. high temp~erture storage test . In ii di (ion . only it short
circutit test wats specifled between the vibration. shock,. t hermial shock.
anid moistunre resistiance tests. Although these tests may he aideq nate For
eliiinating CI'i lures illifactive , integrated circuit types of devices , they
were i liiqate for thle device types onl thi-s program. As at result . some
electrical fatilulres could have occurred d urn g envi ronmientl i e xposuresC
per formied eairlier ill tile test sequence. These instanices aire (let ailedt ill
tle notes for rable 4. 3-7. Also, at device failure during the operttlotil
tests (at f iid mioistutre resistance) could change coNnditions for the re
111 iniiig (ievlceii on t lie test board. For Ithe- caise of olperatiiig life, test.
some devices would experience till increase fin power. while othlers would I
be s ubjectedl to less Iiput power (see Figure 4.3:-3) . Moistutre resistiatice
specimens would see reduceed power if it transduceer shorted , draining
excess current fromi tile constant voltage source and decreasing the out put
voltage. TIhese faicts . coupled with non- perorianiL' of' filure analilyses
(they were not required in the contract for Mrist Article Test see P11ra11
graph 4. 4. 3 of tile sped ficeation) require a1 hypothletical discussion of' tile
points of probable filure during F~irst Article Test . Filuriies will he dis -

cuissed i div idtilly by electrical parameter in the followintg paragrraphis.

Broken Pin These failures resulted from opeirator overstrness and will
not bie di-scusisel Cut tier.

Insertion I A)S5 0f thle three device~s failintg fr-oml i nsertioii loss inl 'lalie
4. 3 -1. tw c defliitely lie aitt ributed to thle opert itig Iit(- te~st e xposutre
W'C Q . S/N 12 andI) 1m too. S /N 60) . hothI devices were sti f t'liti (le
gralded thiit insert ion loss W tus not mels irtufble over itle dy nauit' rangre of'I
filt, test set (0o (lm). Thle tlii iInsert ion loss rti Itire (HIP Q , S /N 8)
occurred di u-nag Group V1 test . and hand at tieiisurable . tilt hoigh gross1N'

4 2 1)



HUGHt S FUL LER TON
ligiohs Aircraft Company

Fullerton. Coh/ibm,.

U) -

V2 0n

V) Z z Z

> .

loo

___ L 0 J014! ON __I

-4 
0.,

0 0 h431 404 0.,O w
COU U)a - ) > 'C

00 1

F-4 > U Z 44 .

H- os

4) 0 r.. E 4 3
i

~~~C CDi~ ~
0. d

C' 00

44 2



out of specification, value of insertion loss. It seems reasonable that these
failures occurred as a result of the operating and/or DC bias exposure.
The failure mechanism could be the result of introduction of a very large
series resistance with either transducer, opening of a very large number
of fingers, or a very large increase in the sheet resistivity of the metal-
lization. These failures could easily occur if electrolysis occurred between
adjacent fingers, resulting in anodization (electrolytic oxidation) of the
aluminum metallization. Another failure mode could be galvanic corrosion
of the area surrounding the gold wire/aluminum metallization interface.
Either of these mechanisms require the presence of an ionically conductive
condensate in the area of attack. Although these parts were hermetic,
a dry non-volatile atmosphere inside the package is not assured, due to
the possibility of outgassing of the RTV or some other organic constituent
inside the package. Another possibility is the outgassing of a constituent
which chemically attacks the metallization. The TDL devices would be most
sensitive to this failure mode, due to the thin metallization (400A). A
residual gas analysis of the package atmosphere would have eluddated
these failure modes.

Spurious Suppression - All failures occurred after one or more high
temperature exposures (PC-LN, S/N 51 and S/N 20). A possible cause of
this failure mechanism is densification or delamination of the RTV on the
ends of the crystal, thereby changing the acoustic damping coefficient of
the absorber. This would result in an increase in end reflections, similar
to initial application of an inadequate amount of RTV on the ends of the
crystal. It is interesting to note that failure to meet electrical specification
was incurred with the PC-LN devices during Phase II of the program (see
the discussion on page 3-22, Volume III ), and was corrected with addition
of RTV.

Sidelobe Suppression - All failures occurred during Group VI testing
(PC-Q, S/N 54 and 76; TDL-100, S/N 10). The most probable explanation
of these failures is tranducer damage resulting from the same mechanisms
discussed in the paragraph on Insertion Loss.

VSWR - Both failures were TDL-200 devices, S/N 94 and 55B. It is
likely that the Group VI failure occurred as a result of the thermal cycling
exposure resulting from the thermal shock and moisture resistance test.
This resulted in mechanical movement of the toroid coils. The high temp-
erature storage/life test failure probably resulted from the detuning of the
device, resulting from aging of the toroid core (see Appendix X, Volume
III) or the RTV material used to stake the toroid.

4.6.0 CONCLUSIONS FROM PHASE III

Several interpretations of specification requirements were mandated due
to inadequacies in the specification. The first of these was the interpreta-
tion of 'bperable" die to be those which met electrical requirements. Exper-
imental data was collected to correlate visual flaws with electrical perform-
ance (Table 4.3-4). Lead integrity and bond pull test requirements were
unclear, and were interpreted as outlined in Section 4.3.3.2. Life test
requirements and procedures were undefined, and were interpreted as
outlined in Section 4.3. 3.5, with some compromise in life Test sample size.
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Recommendations resulting from Phase III are: use of a complete elec-
trical test rather than the short circuit test between test procedures;
derivation of a compromise between equipment cost, test time, and sample
size for the life and moisture resistance test, which does not overload some
circuits and understress others in the event of device failures during test;
and utilization of residual gas analyses using a mass spectrometer for fail-
ure analysis of failed devices.

Experimental results of Phase III dictated that number failures did not
exceed specified requirements. However, since all parameters were not
tested for the high temperature storage test due to inadequacies in speci-
fication requirements, thepossibility exists that two failures (PC-LN and
TDL-200) may have occurred during this test. Also, the test procedure
utilized for the life test essentially reduced the sample which was subjected
to "operating" life, and increased the sample subjected to "non-operating"
high temperature storage. Normally, a reduction in a sample size using
MIL-STD-105 decreases the percentage of failures allowable in a sample for
a lot to be acceptable. However, it is impossible to interpret these results
using MIL-STD-105, due to the very small sample size.

Finally, it was noted in the interpretation of the experimental results
that test conditions utilizing both applied power/voltage and high tempera-
ture are more severe for SAW devices than mechanical and non-operating
temperature environments.

4-23 (4-24 B LANK)



PILOT LINE IMPLEMENTAT ION /PRODUCTION (PHASE IV)



HUGHL5$FUL L ER TON
Hughes Aircraft Company

Fullerton, California

5.0.0 PILOT LINE IMPLEMENTATION /PRODUCTION (PHASE IV)

The purpose of Phase IV is tile establishment of a pilot production line,
cmnsisting of tll production and test equipment required to accomplish the
pilot production run at the required production rate (150 devices/month).
The first part of this segment (5. 1.0) will consist of a description of the
pilot production line. The second section (5.2.0) will detail the pilot pro-
duction. This section will include a description of the sampling and test
procedures utilized for the pilot production, a presentation of the electrical
data. and an analytical section discussing pilot run yields, and device
labor and material cost. The third section (5.3.0) will discuss materials
and processing considerations for the pilot production, and the last section
(5. 4.0) will detail conclusions from the pilot production.

5. 1.0 PILOT LINE IMPLEMENTATION

This Section will be divided into three subsections discussing the total
approach required for pilot line implementation. The space, facilities and
manpower will be discussed for the unbalanced production approach utilized
for the pilot production. This will be followed by a discussion of the equip-
ment utilized for the pilot production, and its replacement cost. The last
discussion will be centered around the capacity of the pilot production line
and the bench time required for each operation in the process flow,
exclusive of set-up time.

5.1.1 Space, Facilities and Manpow Re_ qred for the Pilot Production

Total space required for the pilot production consisted of 900 square
feet of on-site laboratory space divided approximately equally into three
separate areas, crystal fabrication, header assembly and inspection, and
electrical test. In addition, a projection weld sealer was utilized at another
tlughes facility as well as a package leak test station, bond-pull station,
and marking equipment. These additional stations occupied an additional
200 square feet of laboratory space. making the total requirement 1100 square
feet. Space and equipment required for mask making, and environmental
test will not be treated here, since capital expense for these items is very
high ( > $1.0 million). Also, a small business would normally subcontract
mask fabrication and environmental test requirements. The philosophy
of the MMT program was to establish a base and plans to establish a SAW
capability at other sources. Normally, the capital would not be available
or warranted in this type of situation to set up a complete environmental
lab and/or mask shop.

Facilities required for the pilot production included the following: air
conditioning with humidity control; clean rooms and laninar flow work
stations; fume exhaust; liquid and gaseous nitrogen, argon; house vacuum
lines; city. cooling, and de-ionized water; solvent and acid disposal; and
electrical power. All facilities implementation requirements were straight
forward with two exceptions: interaction between the adreoniditioning svs
ten, clean room, and fume exhaust; end the electrical ixwer requirements
for the project weld seal station. These two topics will he discussed in
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the following paragraphs. A more detailed tabulation of requirements for
the individual equipment utilized will be presented in the next section
(5.1.2).

As will be discussed in a later section, yields at wafer visual inspection
ranged from 56 to 76 percent for the six candidate devices. The majority
of the devices ranged yielded from 56 to 70 percent at predice inspection,
utilizing the visual inspection criteria outlined in Table 4. 3- 4. Most of the
rejects occurred due to shorts or opens in the active fingers of the trans-
ducers. See Figure 5. 1. 1. After investigating the source of these photolitho-
graphic flaws, it was concluded that they were caused by airborne contaminants
being introduced on the surface of the crystal before metallization and/or before
resist coating. These yields could have been improved substan'ially by a
different layout and design of the facility in which the crystals are metal-
lized and photolithographically defined.

The design philosophy of the SAW laboratory was to establish process
stations under Class 100 laminar flow stations which were located in a
laboratory maintained at positive pressure with respect to entryways in a
Class 10,000 condition. The wafer photolithography area was deemed tu, be
most critical, since particulates introduced at this stage of device fabrica-
tion manifest themselves as point defects in the transducer pattern i.e.,
open or shorts [Particulates introduced at later stages of fabrication are
non-conductive generally, and can be cleaned off immediately prior to
package seal. This laboratory design philosophy would cause problems for
very high reliability applications, since SAW devices by their nature can-
not be passivated. ] Two basic problems existed with the laboratory as it
was configured for the pilot production run which make exclusion of air-
born particulates impossible. The first problem had to do with the layout
of the process line; it was necessary to remove wafers from the Class 100
laminar flow benches and transport them in closed containers between work
stations. This could have been corrected by an in-line process, where
wafers never leave the Class 100 environment until the pattern is defined.
The second, more serious problem is the fume hood design depicted in
Figure 5.1-2. This problem relates to the interpretation by the Health and
Safety department that an operator at a fume hood must be bathed in fresh
air having a velocity of 100 feet per minute across the work surface. In
order to accomplish this requirement, facilities engineers set the process
sink exhaust dampers such that this air velocity was established downward
through the work surface. In order to prevent fumes from entering the
laboratory, the flow rate of the HEPA filters was set at 90 feet per minute.
The balance of the exhausted air entered the work surface from the labora-
tory. Fresh, conditioned air was supplied to the plenum above the squirrel
cage fan in order to prevent the possibility of fumes which escaped the work
surface from being recirculted in the hood area. The plenum was sealed to
the conditioned air ductwork and was to be maintained at a pressure less
than the laboratory ambient. Disadvantages associated with this clean
room design are as follows: 1.) if P1 exceeds the laboratory ambient air
pressure due to clogging of the HEPA filters, raw air will enter the
laboratory space; 2.) when other filters on the same ducting system become
clogged, the raw air contamination will occur more rapidly; 3.) utilization
of laboratory air to bathe the operator causes this raw air to be drawn onto
the work surface; 4.) when the HEPA filters become clogged, the laboratory
loses positive pressure, since the exhaust system has low resistance and
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Figure 5.1.1. Micrograph of Open Finger
Caused by Particulates on Substrate Surface
Prior to Metallization (3000X)
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will continue to withdraw air from the laboratory at a constant rate; 5.)
exhaust and air-conditioning systems of this complexity cannot be balanced
properly for any length of time, since there was no feedback of information
between the two systems. An additional, although harmless. problem with
this design approach is its extreme energy inefficiency, since the condi-
tioned air only enters the laboratory one time before being exhausted
through a fume duct. In order to optimize processes for control of photo-
lithographic flaws, it is mandatory to have a clean facility which is totally
independent of other laboratories and has a feedback system modtoring
exhaust and inlet air flow rates. One particular consultant with a design
approach accx)mplishing these requirements is Environmental Air Control.
Inc. . Baltimore. Md.

Electrical power requirements for the projection weld seal station utilized
on the pilot production were 220 volts/400 ampere service. Initially. the
SAW facility was scheduled to obtain this equipment, but capital problems
were encountered when facilities planning estimated a $45.OK cost to pro-
vide this electrical service. As a result, a projection weld system at another
facility was used. This equipment design (Taylor-Winfield) utilized an AC power
supply. resulting in the massive power requirement to prevent interference
with other equipment on the same line. Currently. Meisser-Greischem in
Germany is manufacturing a capacitor discharge power supply which has
very reasonable power requirements, although the initial cost is higher
($55.0Kvs. $40.OK).

Manpower required to staff the SAW facility sufficiently to acomplish
the production rate of 150 devices per month was as follows: 2 assemblers.
1 wafer fabricator. 1 test technician, 1 inspector, and 1 supervisor. The
supervisor also served in the capacity of production control, and material
procurement.

5.1.2 Pilot line Equipment Requirements

The major equipment required to fabricate the devices for this program
is listed in Figure 5.1-3 under the requisite process. As was mentioned
earlier, this was not an in-line process, and the various process station
depicted in I-iure 5.1-3 utilized much of the same equipment. The detailed
equipment required for crystal fabrication can be seen in Table 5. 1- 1.
Those items which were shared or used by more than one process step are
designated in the replacement cost column. Facilities required for the
individual equipment are listed in the appropriate column. Cost has not
been included for the facilities in the replacement cost column of the table.
In general. nitrogen, compressed air. de-ionized water, city water, chilled
water. and house vacuum would be required to set up a laboratory. The
only extraordinary electrical requirement is that power required for the
electron beam power supply and associated vacuum chamber. Total replace
ment cost of the crystal fabrication equipment is $135.978.

Assembly and test requirements depicted in Figure 5.1-3 are tabulated
in 'rable 5. 1-2 and 5. 1-3. Power to the projection welder was not included
in the equipment cost. and wits discussed previously in Section 5. 1. 1. It
can be seen that the package seal and leak test stations are major cost
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TABLE 5.1-1. CRYSTAL FABRICATION EQUIPMENT
AND REPLACEMENT COST

Facilities Replacement
Qty Required Cost (10-79)

1. Crystal Substrate Inspection

a) A.D. Stercostar Zoom #561C-D3 1 I10V,5A 846

b) Zeiss Universal Microscope 1 1lOV,5A 9,612

c) Laminar Flow Station - MicroAir 1 115V,1OA,N,V 1,240
MAA-60/HC-60

2. Crystal Clean

a) Petr. Dishes 200

b) Laminar Flow Station (Same as 1 Same as Ic 1,740
Ic)

c) Process sink - MicroAir MBB-80 1 D,N,110V,20A 7,620

d) Ultrasonic Cleaner - Collins 1 695
Model 50

3. Metallization

a) Veeco acuum Chamber 1 Liquid Nitrogen 10,000
220V, 10,50 amp
N,Argon,CW
(4 GPM)

b) Airco Temescal CV8-110 Power 1 220V,30,40A 7.800
Supply

c) Electron Beam System - Stih 270-2 1 115V,20A 3,150
CW (1.25 GPM)

d) Thickness Measuring Equip 1 115V,20A 10,000

e) Laminar Flow Station (Same as 1c) 1 115V,20A,NV 1.740

f) Evaporator Controller 1 115V,20A 4,960

4. Photoresist Application

a) Photoresist Spinner (Platt #103) 1 N.V 2.050
11OV ,7A

b) Photoresist Dispenser 1 N 500

c) Mechanical Convection Oven 1 115V,20A,N 625

d) Laminar Flow Station I Same as Ic 1,740

5. Pattern Exposure

a) Mask Aligner I 1OV,10A 50,000

b) Laminar Flow Station I Same as Ic Shared w/4
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TABLE 5.1-1. CRYSTAL FABRICATION EQUIPMENT
AND REPLACEMENT COST (Continued)

Facilities Replacement

Qty Required Cost (10-79)

6. Photoresist Development - Same as 2

7. Pattern Etch - - Same as 2

8. Optical Inspection - - Same as 1

9. Protective Coating Application - Same as 4

10. Wafer Dicing

a. Dicing Saw - Electroglass 106 1 11OV,7A 15,700

b. Process Sink 1 D.W,CW,V 7.620

c. Hot Plate 1 100

11. Clean Die - Sune as 2

Total Cost 135.978

N = Nitrogen
A = Air
D = De-ionized Water
0 = Oxygen
V = Vacuum
W = Water
CW = Chilled Water
I1OV,10A.l0 = Electrical Power

items. Obviously, substantial savings could be achieved in equipment cost
if solder sealing were used, but the yields were low for this process at the
initiation of the pilot production. and this approach is not recommended.
Seal yields will be discussed in a later section. The total replacement cost
for the assembly and test equipment is $92,382.

5.1. 3 Pilot Line Capacity

One goal of the pilot production was the establishment of the process
sequence for each detail part and the determination of the amount of time
required to perform each operation in the fabrication sequence. Utilizing
the process flow and equipment discussed in Section 5.1.2, the number
of hours required to fabricate a wafer were established for the various
device types. As can be seen in (Table 5. 1-4), the wafer fabrication time for
the various device types is the same with the exceptions of removing
shorts, visual inspection, dicing, and cleaning. Differences in cost per die
result solely from differences in the number of die per wafer. These opera-
tions varied as a result of the final die size, number of lines per device, and
device line width. When these data are normalized to the device size, as shown
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TABLE 5.1-2. ASSEMBLY TEST EQUIPMENT
AND REPLACEMENT COST

Facilities Replacement
..... Qty Required Cost (10-79)

12. Toroid and Ground Attach

a) Soldering Irons 2 11OV,5A 500

b) A.O. Stereo Zoom I 110V,5A 846

c) Laminar Flow Station 1 Same as lc 1,740

13. Package Clean Same as 2

14. Crystal Attach

a) Resist Dispenser 1 1,486

b) Laminar Flow Hood 1 Same as Ic Shared w/l1

15. Wire Bond

a) Hughes Thermocompression Bonder 1 110V,10A 5,000

b) Bond Pull Tester

16. Electrical Test

a) See Table 5.1-3 - 11OV.20A 36,226

b) Stereozoom 1 846

c) Work Benches 1 1,092

17. Clean and Inspect - Same as 2

18. QC Inspection

a) AO Stereozoom 1 11OV,5A 846

19. Mark 1 11OV,10A 1,000

20. Seal

a) Taylor Winfield Projection Welder 1 220V. 400A,10 35,000
with Dry Box and Vacuum Oven VA,W.CW

b) Leak Test 7,800

Total Cost 92,382

NOTE: Same key for facilities required as Table 5.1-1.
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TABLE 5.1-3. ELECTRICAL TEST EQUIPMENT AND REPLACEMENT COST
Replacement

Instr. Mfg. Model Accuracy Cost (10-79)

Oscilloscope Alfred 8000 2% 7,350
Sweep Network Alfred 7051 2% 7,350

analyzer
Amplifier Avantek UTA311N 217
Ampli ier Avantek UTA311M 217
Amplifier Avantek UTA311M 217
Amplifier Avantek UTA31IM 217
Amplifier Avantek AV 9-M 1,050
Pulse generator lE-H Research Lab 139B 1,350
Power supply Hewlett Packard 6215A 3% 155
Power supply Hewlett Packard 6215A 3% 155
Crystal detector Hewlett Packard 423A +0.5 dB 165
Attenuator Hewlett Packard 355C ±0. 25 dB 255
Attenuator Hewlett Packard 355D ±1.5 dB 255
Attenuator Hewlett Packard 355C ±0. 25 dB 255
Attenuator Hewlett Packard 355D ±1.5 dB 255
Oscilloscope Hewlett Packard 183A 3% 2,000
)ual Channel Hewlett Packard 1830A 3% 1,750
Vert. Amplifier

Time Base and Hewlett Packard 1841A 3% 1,160
Delay Generator

Electronic counter Hewlett Packard 5246L 1 count 5,300
Frequency converter Hewlett Packard 525313 ±1 count 1,425
VHF Signal Generator Hewlett Packard 608D 0.05% 5,800
Oscilloscope Tektronix 535A 3% 3,800
Dual trace plug in Tektronix IA1 3% 3,800
Rho-tector Telonic TRB-1 5% 528
Termination Telonic TRM-1- 1.0OF 5% 528
Sweep/Signal Wavetech 2001 5 2.350
Generator ___

Total 36.226

in the device capacity per day column, it becomes readily apparent that the
visual inspection and dicing/cleaning operations are the most time con-
suming and throughput limiting processes.

Similar evaluations were performed for the assembly and electrical test
of the various part types. These results can be seen in Table 5.1-5. The

only difference among the six device types for these operations is first
electrical tune and test. in general. the BP-Q. BP-LN, and PC-Q devices
were more tedious to tune than the other part types. These devices had
toroids on both input and output ports, requiring tuning for VSWR on both
ports due to the lack of reproducibility between toroids. In addition, the
insertion loss on the BP-LN device was too low. requiring a scribing opera-
tion on the fingers of the MSC to bring the insertion loss into the specifica-
tion window. It can be seen that the electrical test and die attach/wire
bonding operations were the least efficient for these devices. The die
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TABLIE 5. 1 5. ASSEMBLY AND TEST WORK STATION CAPACITY

IP -Q . lAP-,N , PC-Q PC-L1N , Ti)m- 100. TIML 200

tCaplicity 1 C tp fcit y
H rs IDev ice Per Day Hii's /Device Per D~ay

Pkg Prep . 20 33 . 20 33

1)ic AttIaeb /Wire Bond . 40 17 . 40 17

Time land Test .50 13 . 25 261

Pme calp QC .10 65 .10 65

Mark .10 65 .10 65

Seld . 10 65 .10 65

Leak 'rest . 10 65 . 10 65

Fi nal Elect .25 26 . 25 26

Final Q C . 10 65 . 1(1 65

Ship .10 65 .10 65

Based ont it 6.5 hiour per dlay effiiency

aittach operationi efficiency wvas greatly iinproved with the use otf the RTV
dispenser, Althiough very high production rates fare reqluired to make the
cleanting of this tooling worthwhile. T'his pro)cess could be greatly improved
it' it disposaible dispenising tube, such ats that used f'or epoxy dispensers,
could be utilized. Electrical test time wouild be greatly improved if automated
test eq uipment were implemented. T'his is possible in the frequnency domin
with the current generaition of network analyzers. such as the Hew lett
Packaird product line. However, the timle dtomin mea01suremenits ait this poinit
aire tiot easily automanted.

5. 2. 0 I~LOT I)1IODUCTION

This section will be divided into six subsections detailing all procedures and
processes utilized for the pilot production, and data generated front the v'arious
tests performed on the devices produced during phase IV. The first sub-section
(5.2. 1) will discuss the processes and sampling procedures utilized for Phase
IV. This will then be followed by sub-sections discussing precap andl fil elec-
trical data (5.2.2). Group B and C test data (5.2.3) and a discussion of electri-
cal test data (5.2. 4). Yields at the various processing steps In thie fabriefition
process will then be detailed (5.2.6). Total material required for the pilot pro-
duction and device cost for the pilot production will complete t he section (5. 2. 6
and 5. 2. 7).



5. 2. 1 Phase IV Processes and Sampling/Test Plan

Gxtls of the pilot run were production of the six candidate devices in quan-
titles sufficient to prove and perfect production tools, processes and equip-
ment, and to establish data from which an effective and realistic quality level
could be maintained. The prodtuction processes utilized for the pilot run have
been detailed in Volume I of this report. Section 5. 1.0 detailed the equipment,
tooling, and processing sequence utilized to accomplish the pilot run. Electrical
and environmental test procedures utilized for pilot production were identical to
those detailed in Section 4.3.3, with the exception of VS\VI data. This param-
eter was performed on a go-no-go basis per the discussion in Section 4. 4. 0.
The remainder of this subsection will be devoted to the sampling plan and test
procedures used to perform quality conformance inspection (Group A, 1B and C
testing) on the devices produced during the pilot rim.

For the purposes of this contract, an inspection lot was defined to be all
wafers or devices of the same design nmanufactured sequentially, and utilizing tie
stme processes and procedures. Inspection of the product required for delivery
(Q tlity Conformance Inspection), required completion of Groups A, B, and C
testing as summarized in Tables 5.2-1 through 5.2-3. Group A testing was per-

formed on all parts and wafers produced for the pilot run at the process points
indicated in Table 4.3-1. Visual inspection criteria for wafers and devices were
identical to those utilized during Phase Wli of the program, and are outlined in
Section 4.3.3. 1. Note that critical flaws are correlated to actual electrical tests
of devices. Due to the high material cost for the SAW crystal ($0.89 to $7. 22 for
the various device types, unylelded), calculations were made on an individual
device basis to determine the number of devices per wafer which were acceptable
at photolithographic inspection. The acceptable yields for all devices was
thereby determined to be 60 percent. After photolithographic inspection, the
wafers were diced and mounted oil headers, at which point they were subjected
to Subgroup II inspection in Table 5.2-1. Parts passing Group A inspection were
then subjected to Group B inspection (Table 5.2-2) to an AQL of 6.5, using the
sampling procedure called out for inspection level S-4 and the accept/reject
numbers defined in MIL-STD-105. Group C inspection was performed on each
lot as detailed in Table 5.2-3, with the exception of the solderability test which
was deemed to be inapplicable (since the devices were to be used as a plug-in
type of device). In addition, Group C Subgroup I and IH tests were performed
sequentially on the same sample. The sample size for Group C' Subgroup I Ill
testing was six each, and Group C, Subgroup 11 tests were performed on six
devices per inspection lot. Only one failure per group was allowed as the
acceptaince number. l)ue to the rtdued sample size for the Quality Conformance
Ilns'ec tion testing compared to the First Article Testing, the lift, test boards
were modified to accept three parallel groups of two devices each, rather than
the configuration detailed in Figuie 4. 3-3. This minimized the test affect of
I t, test boa ri as detailed in the discussion in Setion 4. 3. 3. 5.

5.2. 2 Precap and Final Electrical Data

As can be seen in Figure 5. 1-3, eleaned die are attached to a prepared
header, wire bonded, and subjected to precap electrical tune and test. Devices
which could not be tuned Into specification were rejected at this point. A sum-
mary of the failures for devices which could not be tuned into specification is de-
tailed in Table 5.2-4. l)nsh entries Indicate no devices exhibiting this failure
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TABLE 5.2-1. GROUP A INSPECTION FOR PILOT PRODUCTION

Requirement Paragraph Method Paragraph
Examination or Test Appendix IX, Vol 3 Appendix IX, Vol 3

Subgroup I

Marking 3.16.1
Adhesion of metallic film 3.2.1.2 4.6.2
Short circuit 3.9 4.6.8
Visual inspection 3.2.4.1, 3.17 4.6.1

Subgroup II

Visual (magnification 20X) 3.2.4.29 3.17 4.6.1.2
Marking 3.16.2
Hermetic seal 3.6 4.6.5
Strip lead (lead integrity) 3.5.1.2 4.6.4.2
Internal wire bonding (lead integrity) 3.5.2 4.6.4.1

TABLE 5.2-2. GROUP B INSPECTION FOR PILOT PRODUCTION

Requirement Paragraph Method Paragraph
Examination or Test Appendix IX, Vol 3 Appendix IX, Vol 3

Electrical Characteristics

Center frequency of operation 3. 10. 1, 3.10.1. 1, 4.6.9
3.10.1.2, 3.10.1.3

Bandwidth 3.10.2, 3. 10.2.1, 4.6.9
3.10.2.2, 3.10.2.3

Time delay 3.10.3, 3.10.3. 1, 4.6.9
3.10.3.2, 3.10.3.3

Time-bandwidth product 3.10.4l 3.10.4. 1, 4.6.9
3.10.4.2, 3.10.4.3

Insertion loss 3.10.5, 3.10.5.1, 4.6.9
3.10.5.2, 3.10.5.3

Time-sidelobe suppression level 3.10.6, 3.10.6.1, 4.6.9
3.10.6.2, 3.10.6.3

Feedthrough suppression 3.10.7 4.6.9
Spurious echo suppression 3.10.8 4.6.9
Voltage standing wave ratio (VSWR) 3.10.9 4.6.9

mode, or subsequent tests were not performed after the part failed step follow-
ing electrical tune and test. Data on devices which could not be tuned into speci-
fication was not recorded. Note that the majority of device failures resulted from
either insertion loss or VSWR. Devices which were tuned into specification limits
were assigned a serial number, electrical data recorded, and toroids ruggedized
using RTV. The data for each of the individual devices passing the precap test
sequence can be seen in Appendices XIV through XXV by device type.

Following precap visual inspection, all devices were Ihen vacuum Iaked at
125°C for two hours, transported into a dry nitrogen chamber, and hermetically

sealed at atmospheric pressure. [As will be mentioned in Section 5.3.0, a
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TABLE 5.2-3. GROUP C INSPECTION FOR PILOT PRODUCTION

Requirement Paragraph Test Paragraph

Examination or Test Appendix IX, Vol 3 Appendix aX, Vol 3

Htigh temperature storage 3.11 4.6.10
Short circuit 3.9 4.6.8

Hermetic seal 3.6 4.6.5
Short circuit 3.9 4.6.8

Subgroupk 1
Solderability 3.8 4.6.7
Life 3.15 4.6.14

Electrical characteristics 3. 10 4.6. 9

Sugoup III

Vibration 3.13 4.6.12
Short circuit 3.9 4.6.8

Shock 3.12 4.6.11
Short circuit 3.9 4.6.8

Thermal shock (10 cycles) 3.7 4.6.6
Short circuit 3.9 4.6.8

Moisture resistance 3.14 4.6.13
Electrical characteristics 3. 10 4.6. 9

TABLE 5.2-4. PRECAP ELECTRICAL TUNIN~G AND QC INSPECTION

REJECTION PERCENTAGES

___ BP-Q BP-LN PC -Q PC-LN TDL-100 TDL-200

fo --- - NA NA

I--- 1.2 NA NA NA NA

Lijns 0.4 6.6 6.5 2.5 4

Sl--3.6 -

5 spur

VSWR 1.7 10.2 1.5 --- 2.2 3.7

Handling 0.4 2.7 3.1 --- 0.4--

Other --- 0.3 ---- -

1Toroid damage - tuning.
NA indicates the corresponding test was not performed por rationale detaile'd
in Section 3. 3. 0.
Shaded area indieate's tests performed in the, time domain.
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change was made during the pilot run from the solder sealing procedure detailed
in Section 4. 1.0 to a projection welding seal approach.] Parts were then her-
metically tested, marked, and subjected to the in-process final electrical test.
The in-process final electrical test data on devices passing hermeticity test can
be seen in Appendices XIV through XXV by device type. Note that an additional,
large percentage of devices failed the in-process final electrical test. These
failures are summarized in Table 5.2-5, and were primarily insertion loss and
VSWR. Dash entries in the table indicate no devices exhibiting this failure mode,
or subsequent tests were not performed after the part failed. The only environ-
ments to which these parts had been exposed were the toroid ruggedizing opera-

tion (in which the coils of the toroid are potted in RTV), the heating and vacuum
exposure associated with hermetic sealing, and the hermeticity test which in-
volves a helium bomb exposure and submersion in 1250 C Freon.

5.2.3 Group B and C Test Data

After final electrical test, Group B inspection was performed on parts as
they exited in-process final electrical test to sampling level S-4, defined in
MIL-STD-105. This test consisted of a duplication of the final electrical test.
Samples were drawn on a weekly basis, and were pulled by each device type.
All parts were then accumulated until quantities were amassed which were suf-
ficient to meet the delivery requirements of the pilot production. The samples
for Group C testing were then pulled (six each for Subgroup 11 and Subgroup I/m
respectively) and subjected to the testing detailed in Table 5.2-3.

TABLE 5.2-5. FINAL ELECTRICAL TEST AND QC INSPECTION

REJECTION PERCENTAGES

BP-Q BP-LN PC-Q PC-LN TDL-100 TDL-200

fo --- T NA NA
3.9 2.0 NA NA NA NA

Lins 2.2 1.0 0.6 1.8 1.2 4.4

Sol ..... --- ....

Sft O ..

S spur 0--

VSWR 26.1 25.0 2.53 0.6 7.2 9.4

Other --- --- 0.61 --- 0.62
5.62

Transducer shorted2 Pins clipped
3 Also failed Sft - not counted

NA indicates the corresponding test was not performntd per the rationiah,
detailed in Section 1.3. 0.
Shaded area indicates tests performod in the time donmiin.
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There were no failures for the samples pulled for Group B testing. How-
ever, the Group C electrical data summarized in Appendix XXVI indicates fail-
ure of one PC-Q device after exposure to life testing. The failure mode of this
device was an output VSWR failure. No other device failures were noted for
Group C test. However, substantial changes in some device parameters were
noted between the in-process final electrical and post Group C eiectrical data.
A summary of these changes can be seen in Table 5.2-6. VSWR data was not
recorded per the discussion in Section 5.2. 1. Changes noted in Table 5.2-6 are
on the order of measurement error for center frequency, fo, and baxidwidth,
., for all device types (on the order of tenths of a dB and hundredths of amegahertz). However, all parameters measured in the time domain (Lino for

TDL-100 and TDL-200; Sal for PC and TDL devices; and Sft and Sup fvr all
device types - see Table 5.2-7) showed substantial changes from one to fourteen
dB, with the shift from the initial value occurring in no predictable direction.
These drifts are considerably in excess of measurement error, and must be
considered indicative changes for the environmental exposures of Group C,
Subgroup II and Subgroup I/III testing.

5.2.4 Discussion of Electrical Test Data

As can be seen from Table 5.2-4 the device with the lowest yields at pre-
cap electrical test was the BP-LN device. The most predominant failure modes
for this device were VSWR and insertion loss. This device required tuning for
these parameters by adjusting toroids and scribing MSC lines and/or resistor
taps. An analysis of the precap lot date codes in Appendices XIV through XXVI
indicates that this device was the first to enter the production line (see Table
5.2-8), and it seems understandable that the technician required considerable
learning to establish a tuning procedure. It does appear, however, that the
VSWR and insertion loss parameters are consistent loss points for all other de-
vice types, although the losses for these parameters are in the range, between
0.4 and 10. 2 percent. It is not felt that the precap yield losses for the other
electrical parameters or visual inspections was excessive for devices of this
complexity. Losses for all other reasons combined ranged from 0. 4 to
7.8 percent. This is especially true when the design tradeoff between insertion
loss and VSWR noted in Volume II of the Final Report is considered.

Although the electrical test yields for precap electricals summarized in
Table 5.2-4 are felt to be reasonable, the additional yield losses due to out of
specification electrical param ters at final electrical test represented in Table
5.2-5 are felt to be unacceptable. This is especially true for the BP-Q and
BP-LN devices, where an additional 25 percent of the parts fell out of specifica-
tion after exposure to the toroid ruggedizing, vacuum bake, and package seal
operation with the associated thermal exposurs. (Note that these electrical
tests were performed only on the parts passing hermeticity test.) The high losses
for the BP-Q and BP-LN devices are explicable in that these were the first
devices through the line, and the test technician applied RTV through the center
of the toroid core to pot the coils. Although the parts were tuned while the RTV
was uncured, the dielectric loss and dielectric constant of the RTV probably
changed quite drastically during the curing process. Any thermal exposure
would exacerbate this condition. When the RTV was applied to the outside of the
toroid coils only on the remainder of the devices for the pilot p"oduction, the
yield losses due to VSWR at this electrical test can be seen to improve by :1
factor of two in Table 5.2-5. It van b,, seen that additional losses were still
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TABLE 5.2-7. PILOT PRODUCTION DEVICE TEST SUMMARY MATRIX

DeviceElectrical Parameter
Type fo BW Ling Sal Sft Sop VSWR T TX

BP-Q F. D. F. D. F. D. F. D.t

13P-LN F. D. F. D. F. D. F. D.

PC-Q4 N/A N/A F. D. ~ .. FD /A N/A

PC-LN N/A N/A F. D.

TDL-100 T /A

TDL-200 T. D. NA 'a _ ___

Key:

F. D. Frequency Domain
T. D. -Time Domain

N /A -- Parameter Is transmitted signal dependent or is determiAned by the
photomask, and was therefore not measured (see Section 3.3. 0)

TABLE 5.2-8. PILOT PRODUCTION LDC SUMMARY

________ Precap LDC* Final LDC*

BP-LN 4/28/77 - 6/5/78 5/5/78 - 7/24/78

BP-Q 8/29/77 - 5/26/78 5/8/78 - 7/26/78

PC-Q 10/14/77 - 6/6/78 12/16/77 - 7/25/78

PC-LN 12/13/77 - 5/17/78 3/24,1'78 - 7/25/78

TDL-100 11/9/77 - 5/31/78 3/27/78 - 6/8/78

TDL-200 2/17/78 - 6/9/78 3/ /718 - 7 /26 /78

*LDC Lot Date Code
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incurred at this test point, notably the insertion loss and bandwidth
parameter. As can be deduced from the small change in parameter values
resulting from the long term thermal exposure of time domain parameters
for Group C testing, Lins and /3 should not be effected by the vacuum bake
and package seal/thermal exposure. This drift must therefore be associ-
ated with the RTV curing after ruggedizing and!or some other effect
resulting from the vacuum bake operation. The changes noted for the
time domain tested parameters are understandable in light of the pronounced
changes noted in Table 5.2-6 for Group C testing with concomitant thermal
exposures.

Group B testing was performed on a sample basis, and is essentially a re-
peat of the in-process final electrical test, with no intermediate environmntal
exposure other than ambient laboratory conditions. Since the parts are hermetic,
no changes were expected or detected.

The electrical data recorded during Group C testing in Table 5.2-6 is in-
dicative of the device drift during environmental testing. There is no apparent
distinction in the percentage change noted for the individual devices between
Group II and Group 1/11 testing. This fact would appear to suggest that
the high temperature exposure and applied electrical stress are the factors
responsible for device drift, rather than the mechanical and/or thermal
shock environment. It should be noted that none of the devices drifted
out of specification. However, changes as substantial as the 10 dB
decrease in feedthrough suppression for the BP-Q devices would be of
concern for some device applications. (A major contribution to changes in
feedthrough would be expected from the toroids, due to aging of the core
material as outlined in Appendix X, Volume III.) It does appear from the
data that parameters most sensitive to thermal exposure were measured in
the time domain, since those parameters measured in the frequency domain
showed very small changes. This has obvious implications for applications
where time domain effects are of importance. An explanation for the pro-
nounced feedthrough suppression changes noted for all device designs is
even less tangible when viewed in light of the changes noted for the PC-LN
(zero to -3 dB changes from the initial value). This device has no toroids,
or discrete tuning elements. Also, the RTV on the crystal ends has no
effect on feedthrough suppression. These observations imply that this
degradation must be a result of some change in the metallization. Metal-
lization effects would manifest themselves in two ways - changes in sheet
resistivity and/or an increase in the acoustic reflections due to the mass
loading changes resulting from metallization oxidation. The former would
be more pronounced for the thinner metallization devices, although both
variations are not independent of one another.

Metallization variations of this nature which occur during thermal aging
could also be invoked to explain the changes noted in sidelobe and spurious
suppression. Sidelobe suppression changes would be manifested in a manner
similar to those changes noted between Phases I and II on the TDL devices
(see Section 2.3.2.1, Volume 2). Spurious suppression changes would be
made worse due to an increase in triple transit reflections. Another con-
tribution to spurious suppression could result from changes in the RTV
during thermal aging, resulting in a reduction in the acoustic absorbance
of the RTV with a concomitant increase in end reflections.
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Metallization aging effects could be utilized to explain the changes in
insertion loss noted for the tap delay lines. An example of this variation
of sheet resistivity was the insertion loss drop for the BP-LN devices in
Phase Ill (see Figures 5.2-1 and 5.2-2). The insertion loss for a constant
deposition thickness decreased with a decrease in sheet resistivity. Similarly,
if the sheet resistivity of the metallization were to increase, the insertion loss
would increase, and vice versa. Both increases and decreases in metallization
sheet resistivity would be required to explain the insertion loss changes noted
for the TDL devices in Table 5.2-6. Metallization sheet resistivity increases
are easily explicable by aging phenomena, but decreases are not. These obser-
vations, coupled with the lack of an accompanying shift in center frequency for
the TDL devices, would indicate that metallization aging phenomena cannot
entirely e.xplain the insertion loss drift, although the toroid on these devices
could be a contributing factor.

5.2.5 Device Yield Data and Discussion

The Precap and Final electrical yield data summarized in Table 5.2-9 has
been presented in Section 5.2.2 and discussed in Section 5.2.4. Device yields
at the remaining process steps are detailed in Appendix X-XVII and summarized
in Table 5.2-9. Shaded areas in the table indicate those process steps where
problems were incurred, which will be discussed in the following paragraphs.
Roman numerals in the table correspond to those sections in Appendix XXVII.
Section 1 consisted of a gross inspection of the wafer at 30X for scratches
and macroscopic flaws. Metallization thickness was also measured here.
and a 250X magnification inspection of the center and four corners of the
wafer for line width control was performed. Unusual problems encountered
at this process step were 11% failures on the BP-Q devices due to scratches
incurred during the wafer probe experiment which will be discussed in
Section 5.3.0. The TDL-100 devices also suffered a 7% rejection of wafers
due to overetching. which was incurred as a result of operator training.
Section II consisted of an inspection of the individual die on the wafer to
the inspection criteria of Table 4.3-4. No peculiarities were noted at this
process step other than the opens and shorts incurred as a result of the
introduction of particulates onto the surface of the wafer during proces
sing. an example of which was presented in Figure 5. 1. 1.

Section II of Appendix XXVII consists of the rejections incurred as a
result of the dicing operation. Individual die were diced cleaned, and
inspected at 250X for chip-outs. metallization scratches incurred in the
cleaning operation. and shorts or opens. Excess chipping ( 14.1% rejects)
was noted on the BP-Q devices as a result of the "streets" on the mask
being too narrow for the diamond blade width used to dice the wafers.
Problems were also incurred with the PC-LN devices due to breakdown of
the protective coating of resist on the wafer during the dicing operation.
Also. an insoluble residue was found contaminating the surface of some of
the PC-LN devices. This material was interpreted to have formed from
the adhesive backed tape used to hold the lithium niobate wafers during
the (tieing operation. A process change in which the lithium niobatl wafers
were held to the glass backing plate with optical pitch eliminated this
probltem.
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TABLE 5.2-9. PILOT PRODUCTION YIELD (%) SUMMARY

Device Type
Appendix XXVII-- - -- -- -- _

Designation Process Description BP-Q BP-LN PC-Q PC-LN TDL- 100 TDL- 200

I + II Wafer Photolithography S$J, 76.1 71.5 7. 89... 68.0

III Post Die Inspection 72,7 95.9 91.3 6. 86.9 8.1
iH

IV Die Mount, Bond 100.0 100.0 98.0 95.7 97.8 96.9

Package Prep. 90.0 90.0 90.0 90.0 90.0 90.0

V Precap Electrical 97.5 76A 81.9 91.9 92.5 93.1

VI Precap QC 9,1.8 99.2 100.0 100.0 98.6 100.0

VI. Seal. Leak Test 90.0 90.0 7,$t 88.5 80.7, 79.6

VIII Final Elect /QC 67.6 il.3 95.6 90.7 91.6 85. 6

Section IV consisted of an in-process inspection to the requirements
of Appendix XII at 30X. Problems were encountered with the PC-0 devices
due to improper mounting of the die on the header (11.,% rejects). This
matter was caused by an incorrect mechanical drawing. Package prepara-
tion consisted of mounting of the grounding wires, toroids and moly tabs
using hand soldering techniques. As was mentioned in Section 3.4.3.
Volume III, this was a delicate process which required careful technique
on the part of the operator. A ten percent loss was experienced on all
header types as a result of wicking of solder on to the top surface of the
pin.

Section VI consisted of a QA inspection to the same requirements as
Section IV. The only problems encountered here were scratches in the
metallization resulting from the tune and test operation. Rejects in this
section ran from 0.4 to 1.4 percent.

Section VII suffered numerous failures, the majority of wlhich were
hermeticity rejects. The detail of failures at this process step can be
seen in Table 5.2.10. The high reject rate of the PC-Q devices was of
concern during the pilot run. and caused an evaluation of projection
we!ding to be performed. The header design used for these devices
could also be projection welded due to the configuration noted in Fig-
ure 4.1-2. As a result, an evaluation of the projection weld sealing of
this package was performed with promising results. The balance of the
pilot run devices were sealed with this approach. As can be inferred
from Table 5.2-10, the reject rate was decreased markedly for this device
type. As can te seen in Table 5.2-8, PC-ILN de\'ices were fabricated in
this same time frame, but the hermeticity reject rate was not changed
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LE'AK TiESTl BY FAILURE CATIEG;ORY

Headerle Tlype)

r F20 2 21 'FF201 117

BP 1,19 IIP- Q PC - LN Pc- rmI~, 200 'I'D 1, 10 0

Solder Seat 41.8 3.0 4.9 24.0 20.4 19. 3

Proj. Weld 5.2 6.5 3.3 0.5 None None

GIlass Bead -3.3 -

Vislull Reject 0. 4 -0. 5

Un1seaIled 0.8 13.4 - 0.9

Total Loss 10.0 9.9 11.5 25.0 20.4 19.3

drasticailly by going to tis paickage sealing approach. vTe li, Q devices
hand mechanical layoudts which were identical to thle BP LN and PC Q
dev ices ( See Vigulre 3. 2- 9. Volume 3) . As it result,. the only explattition
oflte higher reject rate for this device type can be failures which
resulited from thle plating lot for these paickages. If thle till platting thick
MISS WWs iutioit . dewtittitig would ocecur locally . causing at hermeticily
reject . Note thalt thte rDt, hieders suffered n similarly high reject rate
20.4 anmd 19. 3 percent , respectively. It would appear that aiverage yields
of 95% canl be e'xpectedl from fin optimized sealing process. However. thle
hand soldeing aipproach can lie seen to give sporadic resuilts. Tit. filct
whenl viewed with thle high loss ait finail electrical test for somec device types .
must he interpreted ats at condemna1 tionl of tile hanud soldering approach to
package, seatling. It should bie noted that thle reject raItes ait filial eletri
calI test cannlot always he correlated with the sealing approach . hult at con
I ribut ionl to fitiail electr neal failuires many he present . (tilt, to flte high thermal
eXPOSureI of (lte hand soldering operationl when comlparled withI the projec,
titl weld seallig approach . Thet-,large packatge types used on tflie, '1' )
devices cannlot be seatled using projection welding. however . As at result
anl flternat lvi' approachl mullst be recommenlnded for tilti' lartge dii''e types.
such-i its seam11 sealinig.v

5. 2.6; Nlaterial Required for the Pilot Production

UIsing tlite (nt a in Appendix XXVII, . te materiail re irv~iied for fte
pilot prodiuit tionl canI 1e seenl in 'nible 5. 2- 11 by device type . The oWn
itemi of note htre is the doulbling of manterial use incurred for flit, TFIl,
devices, which obviously relates to thle crystal size for t hes, idevices
wheni compaired withi the other device types. Total material for tit

pilot produict ion of aill six device types can be seeniiin 'l'ahle 5. 2- 12.

5 24'.

~Ai



HUGHES FUt t (R WN
Hughes An'raftt Conplony

f ullormto Clihfornma

TrABIE 5.2- 11. MATFRIAI, REQUIREl) FOR PILOT PRODUCTION
BY DEVICE TYPE

B.P-Q IIP-1,N PC -Q PC-L-IN TI, I00 TDIl,- 200

Substrate - ST Quartz 18 24 43 31
YZ1ANb 3  - 15 - ii

Ileador - rF20221 236 333 297 207
TF20117 - - - 232 223'

LID TF20216 230 249 213 182 -

TF201W1l- 175 - - 207 201
Input Toroid T16-6 236 333 297 - 232

T 16-- 10 - - 223

Output Toroid - T16-6 236 333 297 -

Moly Tabs - - - 414 -

TABLE 5.2-12. TOTAL MATERIAL REQUIRED FOR
PILOT PRODUCTION

Material Quantity Unit

SI' Quartz (substrates) 116 cii

YZ LINbO.. (substrates) 26 ell
TF20221 (hleader) 1.073 en

TF20216 (Lid) 874 ell

TF20117 (Ihader) 455 eN

TF20118-175 (Ld) 408 ell

T16 6 1.964 el

T16 10 2231 e

Moly Tabs 414 ell

Diamond Blades 5o

Gol Wire, 125 ft
32 AWG Wire 100 1't

Sn63 Solder 2 Ibs

Aluminunm (99. 99%) 500 gins

Acetot, 5 gal

romile Acid 5 gil
Nitric Acid 5 gal

Phosphoric Acid 5

Alcohol 5 gal
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5.2.7 Pilot Production Device Cost

Device yields detailed in Section 5.2.5 and labor per process step
detailed in Section 5.1.3 were used as inputs to a reverse cumulative
pricing program to calculate the device material and labor costs outlined
in Table 5.2-13. Labor and material costs utilized in the program were
updated to reflect third quarter, 1979 rates. The costs given in
Table 5.2-13 are manufacturing cost level (MCL), and do not include
profit, general and administrative, or cost of money expenses. The major
cost items for material are packages and crystal substrates. Purchase
order costs of the package and die crystal material (i.e. unburdened)
are detailed in the table. Die costs were obtained by dividing the third
quarter, 1979, wafer cost by the number of die obtainable from one wafer.
'hese unyielded material costs allow the deduction of the cost of material
which is lost as a result of process yields. Material costs for the devices
ranged from 36% of MCL cost for the BP-LN to 49% of MCL cost for the
TDL's. These differences result from the cheaper package of the BP-LN,
and the differences in die sizes.

The discussions in Sections 5.2.4 and 5.2.5 imply that the learning
which occurred during the pilot production was quite significant. As a
result, the labor and material cost which was incurred during the pilot
production was higher than that which would be experienced for long
production runs of one device type -- one to two thousand parts rather
than the 150 quantity built for the pilot production. Using the assumed
improvements in yields outlined in Table 5.2.14, device costs were recal-
culated using the same labor rates and material costs. MCL cost improve-
ments ranged from $6.92 for the PC-LN to $44.88 for the BP-Q. Larger
production runs would have an additional cost savings resulting from
large volume procurement. This savings is estimated to range from 10%
of the improved MCL for the BP-Q devices to 13% of the improved MCL for
the TDL devices, yielding an anticipated device MCL cost from $79.68 for
the BP-Q to $115.25 for the TDL-200.

5.3.0 MATERIALS AND PROCESSING CONSIDERATIONS

This section will be divided into four segments. The first will
discuss differences in the sheet resistivity of aluminum films deposited in
two different evaporators and its effect on electrical parameters. The
second subsection will detail analyses performed to elucidate changes
noted between precap and final electrical data. The third will discuss
tradeoffs encountered in the change of package sealing processes. Sub-
section four will detail the capacitance probe evaluation which was per-
formed to determine feasibility of elimination of the visual inspection.

5.3.1 As-Deposited Metallization Resistivity Differerces

It was noted in Figures 5.2.1 and 5.2.2 that different sheet
resistivities were obtained for the same thickness deposited film between
the evaporators in the prototype and production areas. The prototype
evaporator did not use a rate monitor during the metallization deposition.
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TABLE 5.2-14. YIELD CHANGES UTILIZED TO
CALCULATE IMPROVED DEVICE COST

Pilot
Device Production Improved
Type Process Step Yields (%) Yields (%)

BP-Q Final Electrical 68 97
Seal 61 97
Wafer Yield 37 59

BP-LN Wafer Inspection 75 85
Final Electrical 71 90
Wafer Yield 44 58
Seal 63 81

PC-Q Tune & Test 82 85
Leak Test 74 85
Wafer Yield 40.8 53
Wafer Inspection 72 75
PR Coat /Mount 90 95
Seal 72 83

PC-LN Wafer Yield 33 47
Wafer Inspection 67 75
Metal Thickness 82 95

TDL- 100 Leak Test 80 85
Wafer Yield 37.4 52
Wafer Inspection 69 75
Metal Thickness 90 100
Die Clean 86 91
Seal 73 98

TDL-200 Wafer Inspection 68 75
Metal Thickness 90 95
Die Clean 88 91
Seal 68 78

As a result the evaporation rate is unknown, and probably varies during the
deposition cycle. The approach used in the production area made use of an
Imficon XMS-1 deposition controller, which allows the programming of the
parameters outlined in Figure 5.3-1. The control of deposition rate allows
control of the amount of oxygen incorporated into the film, with subsequent
control of the film sheet resistivity. The deposition rate differences probably
accoounted for the sheet resistivity variations. Note in Figure 5. 2-1 that the
thinner film sheet resistivities (less than 1,000 A) for the production evaporator
using the Imficon controller are easier to control due to the lower slope of the
resistivity vs thickness curve. This would have the effect of narrowing the error
bands in Figure 5. 2. 2 for a constant metallization thickness. An additional con-
tribution to the resistivity changes in the prorotype evaporator would result from
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the fact that the evaporator was not pumped continuously. This would have the
effect of increasing the background oxygen partial pressure during deposition
due to the walls of the vacuum chamber outgassing, which would degrade the
situation depicted in Figure 5.2-1.

5.3.2 Precap/Final Electrical Test Failures

In order to understand the dropout of devices between Precap and
Final electrical test detailed in Section 5.2.4, a residual gas analysis
was performed on two devices using Method 1018 of Mil Std 883B. This
type of test places the part to be analyzed in a vacuum chamber main-
tained at 1000C. The package is ruptured with a needle attached to a
vacuum feedthrough, and the internal atmosphere vented into a mass
spectrometer through a fixed orifice. A mass scan is then performed
over the 1 to 500 amu range. Analysis of the spectra is then performed
and the internal atmosphere interpreted. No unusual contaminants were
detected in the devices tested, indicating that the electrical changes
noted in section 5.2.4 must result from aging of the toroids or metal-
lization rather than contamination of the transducers from some outgas-
sing element in the package.

5.3.3 Packa e Sealing

Low hermeticity yields detailed in Figure 5.2-10 caused an examina-
tion of alternative sealing procedures other than the hand soldering
approach. Since the Tekform 20221 header had been designed for pro-
jection welding or solder sealing, the projection welder approach had the
benefit of not requiring a package redesign, with a reorder of packages
quoted to be sixteen weeks. Projection weld package designs were
depicted schematically in Figure 4.1-2. This technique utilizes the
electrodes depicted in Figure 5.3-2. These electrodes are mounted in
a hydraulic ram which compresses the weld projection into the lid.
Once the initial pressure is applied (nominally 500 pounds force per
lineal inch of seal perimeter), a current pulse is applied to preheat the
weld area. The weld pulse is then applied which is nominally 50 kilo-
amperes for 50 milliseconds. During the weld time the projection and
lid become molten in the area of contact. The ram is maintaining a
constant force on the electrodes, and this causes the molten material
to be expelled from the interface area. Cross sections of typical pack-
ages can be seen in Figure 5.3-3. Note the expelled material. If the
ram force is too high, the entire projection collapses and/or weld
splatter is created internal to the package. The situation in Fig-
ure 5.3-3 is ideal from a weld schedule standpoint. Expulsion was a
problem on the solder plated packages, and some shorted parts were
found after the sealing process. Packages were available from another
program which were gold plated, and the problem diminished. The weld
schedule used for this package can be seen in Figure 5.3-4. A review
of the schedule development procedures has been published by
J. W. Denison of Martin Marietta. 1 Another problem with projection

1 J.W. Denison. "Projection Weld Sealing of Microcircuit Packages".
Electronic Packnging and Production, July. 1973, pp. 66-82.
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welded hermeticity failures was encountered on the pilot production.
Upon decapping the failed parts, solder was noted on the package lid
in the vicinity of the leak area. See Figure 5.3-5. Since the lid does
not see temperatures high enough to reflow solder normally, it appears
that the wire used to ground the pin came Into contact with the lid
during the package sealing cycle. The soldered lead served as a cur-
rent shunt, causing cold welding in the area and launching solder into
the package cavity. The soldered lead was excluded from the seal
area, and the problem disappeared. Sealing yields for the projection
welded package were typically 95% after the initial problems were
resolved. It should be noted that a device for another program had a
soldered toroid lead/pad interface which was floating with respect to
ground, and was in close proximity to the lid. This solder joint was
reflowing during the seal operation. The cause is not understood at
this time, since the voltage is very low in a projection weld cycle.
However, current application rates of 106 amperes/second can induce
substantial eddy currents in the package which might cause the toroid
to act as the secondary element in a transformer producing field
strengths high enough to arc to the package walls. Impingement of the
arc on the soldered pad would cause the reflow noted. Grounding of
the input pin during sealing should cure this problem. It should also
be noted that the use of septums in this type of package can cause
similar current shunting problems with concomitant low hermeticity
yields.

As was mentioned in Section 5.1.1, a survey was made to determine
the cost of installing a projection welder. A breakdown of some of the
tradeoffs involved with the various sealing equipment can be seen in
Table 5.3-1.

5.3.4 Capacitance Probing of Wafers

A modification of the contract was generated in October, 1976, to
explore the feasibility of replacing the wafer visual inspection by an
automated probing procedure. Operational tests were felt to be unfavor-
able because of the requirement to tailor a test procedure for each
device type. In addition, insertion loss variations due to probe contact
resistance, and anomalies resulting from the high feedthrough due to the
probe card were felt to be detrimental to this approach. It was felt
that the approach detailed in Figure 5.3-6 showed promise. The program
in Appendix XXVIII was generated to drive an Electroglass automated
probe station which Interfaced with a Fairchild Sentry 610 system.
Representative wafers of BP-Q and BP-LN devices were probed using
this approach. The capacitance data can be seen in Appendices XIX
and XXX. After the probing operation was complete, the devices were
visually inspected to the requirements of Table 4.3-4. These require-
ments had previously been determined to correlate with electrical
failures. Typical data can be seen in Table 5.3-2 for a BP-Q wafer.
The shaded areas indicate either visual rejectable die per Table 4.3-4.
or capacitance probe failures. The failure modes are summarized in
Table 5.3-3.
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TABLE 5.3-1. COMPARATIVE COSTS/SPECIFICATIONS

Resistance Welders Fusion Welding Techniques

TIG e-Beam

Seam Projection Pulsed D.C. Pulsed D

Taylor EBW
Vendor ssec Winfield Dimetrics CPI 300

3
Capital Cost New $16.5K $40K $6K $15K $68K

High 18 in. 82 in. 18 in. 42 in. 68 in.
Size Wide 18 in. 60 in. 18 in. 36 in. 80 in.

Deep 24 in. 55 in. 24 in. 36 in. 57 in.

Weight 100 5,000 50 500 3,500

6 gpm 2 gpm
Cooling Water None @ 20 psi None None @ 20 psi

60OF 70°F max

Air 80 psi 80 psi None None 80-125 psi

110V 208V 110V 220V 240V
Input Power 10 60 Hz 10 60 Hz 10 60 Hz 3060 Hz 30 60 Hz

30A 400A 20A 30A/ 25A/

Output Open Circuit 80V 60V -80V 60V 60 kV
Power -V- 1000A 96,OOOA 70A 100A 50 mA

Current 2.0 kW 1,200 kW 1.4 kW 2.0 kW 3,000 kW
Power

Tooling Cost/Pkg Type $230 $325 Note 2 Note 2 Note 2

1 1 1

Max. Seal Length 2 in. x 2 in. 7 lineal No Limit No Limit No Limit
(Kovar) in.

Turnaround/Cycle 2 min 2 min 5 min 5 min 90 min

Max. No. Parts/Cycle 1 1 1 1 12

Total Package Energy 6 5
Input for Typical 1,200 J/in. 8,400 J/in 200 J/in. 800 J/in. 100 J/in.
Sealing Schedule _--

1. Seal size limitations of these techniques are limited by tooling to maintain mechanical
thlerances. EBW should be the best, due to the beam depth of focus.

2. Cost for a microcomputer controlled tool which would handle all package aspect ratios
will be $20K.

3. Does not include dry box, vacuum oven or similar peripherals.
4. EBW vacuum bake must be integrated into turnaround cycle.
5. Projection welded packages are surrounded by massive heat sinks (tooling) held to the

package with 4,300 lb force during welding. Therefore comparison of energy inputs with
fusion welding techniques is impossible.

6. Recommended schedule for lid weld from SSEC.
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TABLE 5.3-2. WAFER #6, LOT 51 BP-Q

Coliumn 1 2 3

Input Output Input Output Input Output

Row 1 6.68 5.71 .9 .7
3-0 X

2 8.30 6.75 8.31 6.23
1/2- 2-12-0 1/2- 1/2-

3 8.21 6.56 8.20 6.27
1/2-0 -1/2-0 1-1/2-0 1/2-0

4 9.98.28 6.53 8.15 8.02
X 2-0 1-1/2-0 3-1/2-0

6 48.12 6.40 7.12 6.18

7 8.22 6.55 8.13 6.42 $~
1-1/2-0 3-0 1-1/2-0 1-0

8 6538.12 6.42 7.89 5.05
1-1/2-0 X 1-fl 1-1/2-0

9 7.86 6.50 8.14 6.32 7.67 5.92
1-1/2-0 1-1/2-0 1-0 X X X

10 1 4A8 *9.4.1f8 7.57 5.81
S~ I42-0 1-0

11 6.17 4.68 e ~~4.59 5.96 4.28
1-0 2-0 4~Gx X

Notes: 1. This device utilized a double electrode design. The
"1/2"' designation indicates one line of a finger to be
affected.

2. The symbol "10" Indicates a visual open, "S" indicates
a visual short, "X"I irdicates no flaws in the active
area.

It was noted that the capacitance values varied considerably for
vi-mally acceptablc transducers (4.28 to 8.3 pf for the wafer in
rwee 5i.2). This made the detection of excessive opens infeasible
J1iil ca1pacitance measurement techniques. The measurement accuracy

.~values was felt to be approximately one percent. However, effects
nhr to the probe contact cannot be evaluated. Lead and strpay capaci-

.r libratted out in the computer. As can be seen in
1 1. this test approach detected shorts 5/5 times. However, low

i..%. tiv m' were recorded and indicated three time failures,
'. w..rq visually acceptable. In all likelihood, the probe wits

With the pad on these die. This observation is supported
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TABLE 5.3-3. CAPACITANCE PROBE/VISUAL FAILURE SUMMARY

Visual Reject
Cap Probe

Open Short Reject

Row Column 1 0 I 0 1 0

1 2 x X

1 3 X ~

2 2 X

3 2 X

4 1 X X

5 1 X

5 2 X

5 3 X X X

6 1 X

7 3 X

8 1 X

10 1 X X

10 2 X X

it 2 X

Note: 1. X indicates a failure of requisite criteria.
2. Shaded area indicates cap probe failure with no visual

flaws

by the fact that the probing station scratched and damaged many of the
pads, in some cases removing metal completely down to the crystal surface.
These types of problems could be eliminated. A more significant problem
relates to the fact that zero of nine visually rejectable opens were detected
using the capacitance measuring technique for the wafer in Table 5.3-3.
Use of the probing technique to detect shorts would therefore not eliminate
a visual inspection for all bit the most defect tolerant designs.
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5.4.0 CONCLUSIONS FIIOM PHASE IV

The Pilot Production line was fully implemented in Phase IV, with analyses
and presentation of all equipments, facilities, and equipment cost required for
the production line. Certain aspects of the production line were processed
using an unbalanced approach - notably the package seal, symbolization,
environmental testing, and leak testing. All batch processes and tests were
defined and developed prior to initiation of pilot production. Pilot production
was accomplished with the shipment of the following quantities of devices:
120 BP-Q, 144 BP-LN, 150 PC-Q, 146 PC-LN, 137 TDL-100, 150 TDL-200.
Some devices were shipped short due to a shortage of packages, with a pro-
hibitively long delivery time. Environmental testing was performed at the
sampling rates specified with no lot rejections. Yields at each process step
in the production were established, as were device material quantity and labor
per process step. These data were used to calculate the pilot production device
cost. Extrapolations of yields to higher production volumes were performed
and cost recalculated.

Substantial losses were noted due to electrical failures between precap
electrical test and final electrical test. Additional losses were encountered
due to low hermeticity yields for some device types. Low hermeticity
yields caused a process change from hand soldering to projection welding,
with the limitations of both approaches elucidated. Correlation between
visual flaws, electrical performance, and measured transducer capacitance
were established. The visual inspection approach is the only one feasible
at this time, indicating the importance of establishing clean facilities to
minimize the reject rate due to airborne particulates. Differences were
noted in the devices prototyped in a different laboratory, demonstrating
the need to fabricate prototype devices in the production area.
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APPENDIX XI
SAMPLE SHOCK AND VIBRATION TEST REPORT

FOR BP-LN AND PC-LN DEVICES
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HUGHES
GROUN OV ~ar 9. GO ,O

ENVIRONMENTAL TEST PROCEEDINGS
ACCOMMODATION TESTS

EL.' 8 3

JOURNAL NO. A _____
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ENVIRONMENTAL TEST PROCEEDINGS JOURNAL

Test Start Date- I T~st Complete Date: WA# 87 31

Test Type

ElLt. Wt. Shock Vibration Inclination

ElMd. Wt. Shock ]Bounce Road

ElOther
Test Eng. 2). 3A0 o'%/ C.A.#______

GS1 QYes (MNo P. R.v___CAY_7_a

Test Requestor: XF0J BLOSo i, Ext. 1(#I14 Org. Code j6-(

Customer: #.*______________

PC -di

Address:___________ Part Number P-. - .a'I P(s,

________________ Part Name 5A&J MIIT IDEw.'C5

Test Witnesses:

Monitored by:

Test Engineer -QA_________

Test Technlcian..2dJ AFQAR________

XI-2
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Test Procedure: Dite: i" -7(

List or attach pertinent specifications:

SAW. MA"1T I . OA' d ~4
,d,cj,,,,/-ZA. u.4 4 V pmJ _~.!

. & % S'4C9. . W -A

S".0 60 DA 4"4

Data Recorder

Page 2

jXI-3



Test Procedure Cont'd: Date: /J"' 7 7.

Oaf -S.66,

i V, eA.

1LS SI*SE 72P

p,A ri S

Data Recorder:
Pap 3

XI-4
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Test Data: Date: i/- V - 7 .,

Record all data and observations as test is conducted.

P/" BP-L,

13 73

7 7 4b

57
77 I-

70 44

4.3

P /-4 Pc. -S.P,

a22.
3 1 '4 .6 o

.9 c Dq

q 4

Page 4

XI-5



Test Data Contcd: [)tto/C

S r xoc. t C- ST- PC r" m L 'STO MPI I-A 2n~L4.Z 3

i~-LuJOA' PAC4 4' /A P(A, (cd

3 ~ f~-/3 A4; ( x~. -- t l
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Test Data Cont'd: Date: i1"U 74p

.237q4 7 C- Ac. 'ro6o 5406-_S' IzC p'I 1s (23 H12 S
-37q.7  _SWr 0 ,:F.-7m'vv-7 7- . p z,' /qxis

.2-' *i b. '7 O Cv'/,dL£T. FV.'CoJ 7,, &90cx AAlS (Q) I-IS

3 7 (& 7 5 7,A r'7 o V 4C/2 ,C c. C ,A S

3 7 . 7 c '", '4 'r o Ze, 7 c 1, . 1-2 /S (2 ) /1 5

SAW - *ir :D

I, , -,, A A .r , .-. 2c t'- - t

_.j.._- .c -" '. _-.,

Data Recorder/k

Page 6-
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Test Data Cont'd: D~te: I '-(

IWO

1-*I

044
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Test Data Cond: Date: (Z3 -7 L

9w~"

P/A., TDL.. 200 (ia 06Mee 13 IL '"a
Moowt*A dt#cs onl 5,V*S~tPe plate gatl, o&)Ale ./aftca &ape

4'devces/lplkte 0j Si&,)p/..es-
V# br~te..0.tii be ArM.f-pew-PMeI9Ad. &Z2 Mfd Z61

th,'UCV49A, 9tUtIAAJ p1irPbiCAI&r-

jjj3 StArt Ve 1ratso. . 4ernj01 &.5 Miti *Ahve z/ N' 4L44 rt u(st.

rt.'5 C& r~4h~X Vast. &V; S. WeG 4?&efrt V, suj Meftkuaeeclds~tor asbW.

jl:K StAet of JA4 to ide ve' 0ycfmj 4s1mvf 4i ..
6Cosep/841JSde 4ua.*e AX .

2or& qfyttNj Vssu./ LA Ma/puecj Vssid.

Pagk,e 8 l a'4L.t

-jI-



Test Equipment Date: 1 (0

Cal Due Date

Shock Machine, LW High-Impact, BuShips 10-T-2145-L

Shock Machine. MW High-Impact, BuShips 807-655947

Vibration Table. Low Frequency. L;.B RVH 72-5000

Vibration Table, Low Frequency. LAB RVH 72-2500

71 Vibration Table, Low Frequency, LAB RVH 48-1000

Vibration Table, Low Frequency, LAB RVH 38=*0O4'--iO 17

Inclination Test Machine, Hughes

Package Tester, LAB Type 1000 SC

Boost Pump, Sprague, Model 216-C-150

Boost Pump, Sprague, Model S-44065-35

Gauge, Heise, 0-70 PSI, S/N Z4927

Gauge, Heise, 0-70 PSI, SIN 24929

Gauge, Heise. 0-100 PSI, S/N 24932

Gauge, Heise. 0-500 PSI, S/N 24939

Gauge, Heise, 0-500 PSI, S/N 24244

Gauge, Marsh, 0-300 PSI, Type 220-45

Gauge. Marsh, 0- 1000 PSI, Type 220-4S

Gauge, Marsh, 0-1500 PSI, Type 220-45

Gauge, Marsh, 0-3000 PSI, Type 220-4S

Gauge, Marsh, 0-5000 PSI, Type 220-4S

Gauge, Marsh, 0-10, 000 PSI, Type 220-4S

Gauge, Sprague, 0-20,000 PSI

Vibration Meter, Bell & Howell Type 1-157 14 - 3 0 S%

Vibration Meter, CEC Type 1-117 H_____Z __yqm_7

Vibration Pick Up. CEC Type 4- 1OZA 44' ' 7I

Universal Timer, Dimco Gray Model 167

Vehicular Adaptor Plate, LAB 2-1/4" x 36" x 36"

Universal Eput Meter, Beckman Model 7360-43

' Strobex, Bruel and Kjorr, Type 4910

] Strobex. Bruel and Kjorr, Type 4911

L Other

SOthe r
SOther

Data Recorde94 do'"
Page 13

xI--10
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APPENDIX XII
QUALITY ASSURANCE QUALITY METHOD SHEET MICROELECTRONICS
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Fullerton. California

1.0 PURPOSE

To provide instructions for the visual inspection of Surface Acoustic
Wave (SAW) devices manufactured on metallized crystalline substrate
material by a deposition, photolithographic exposure, and chemical
etch process.

2.0 SCOPE

This instruction covers the visual inspection requirements for all SAW
devices made by the deposition of a metallized conductor on a crystalline
substrate and then using either a selective etch or liftoff process to
remove all but the desired pattern.

3.0 33ISPECTION

3.1 Materials - All materials utilized in the processing of crystal circuits
are described in Process Engineering Instruction (PEI) 7.18.00, Acoustic
Wave Processing.

3.2 Equipment - All equipment required for the fabrication of SAW devices is
described within the appropriate sections of PEI 7.18.00, Acoustic Wave
Processing.

3.3 Procedure - Unless otherwise specified, the process sequence shall be
performed as outlined on SAW process followers, and processed according
to the appropriate PEIs referenced thereon.

3.3.1 Handling - Crystals shall remain in protective containers until process
and inspection operations are to be performed. Finger cots or other hand!
protection shall be worn at all times to prevent damage and contamination.
Devices shall be handled only on the sides and never by the metallized
surface. Device packages (headers) shall be handled by non-sealing
surfaces only.

3.3.2 Crystal Cutting and Sorting - Wafers shall be separated into individual
circuit crystals before visual inspection. After separating, crystals
shall be cleaned in a manner sufficient to remove all foreign material.
Crystals shall be sorted into lots and properly identified by the use of
a standard process follower.

3.3.3 Adhesion - Crystals shall exhibit uniform adhesion. There shall be no
evidence of separation of the metallization frn the crystal substrate
when tested with adhesive tape. The adhesion test shall be performed for
process certification on production circuits. A length of commercial,
clear, or translucent plastic tape shall be applied to the metallized,
etched substrate. The tape shall cover an area of at least 1/2 inch and1
shall be set by rubbing with a finger. The tape shall be pulled back at

XII- I



an angle of approximately 900 to the crystal using one smooth motion. The
metallized layers shall not show any evidence of separation when examined
at 30 to 100 power magnification.

3.3.4 Process Control - Described in Quality Method Sheet (QM) M-O01,
Microelectronics Process Surveillance.

3.)4 Cpality Assurance Provisions

3.4.1 Responsibility - The Quality Assurance Group Office (QAGO) shall be the
cognizant Quality organization exercising control over all processingI heretofore described.

3.4.2 Inspection - Crystals produced shall be inspected to the requirements of the
device engineering drawing and workmanship standards contained in Section
3.5 and Table I of this QX.

3.5 Workmanship

3.5.1 General - Crystals shall be visually examined under 30 power magnification
(minimum) for conformance to the workmanship requirements contained herein.
Transmitted light shall be used where applicable. Crystals not conforming-
to the requirements contained herein shall be rejected unless they can be
reworked to conform to the specified requirements. Reworked crystals are
to be resubmitted for verification of conformance to the electrical and
visual requirements specified herein.

3.5.2 End Product Requirements - SAW devices shall conform to the visual
requirements of the appropriate engineering drawing, device specification,
and workmanship standards contained herein. The following irregularities
and those shown in Table I of this QM shall be cause for rejection.

a. Chips or cracks in the crystal material which come closer than
25 microns (1 mil) to any active metallization.

b. Scribing edge of the crystal material that is closer than 25
microns (1 ail) to any metallization.

c. Any crack which extends into or points toward and comes
within 127 microns (5 mils) of active metallization.

d. Scratches, voids, or holes which reduce the bonding pad to
transducer finger interconnect to ]'ess than 50 percent of
original design width.

a. Scratches, voids, or holes which reduce bonding pads to
less than 50 percent of original design width.f. Attached opaque contamination which cannot be removed by
cleaning procedures and appears to be shorted to adjacent
transducer fingers that are not connected to the same pad.

XIl-2
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g.Shorts between transducer fingers not connected to the sein
pea which cannot be blown during device test.

h. Lifting or peeling metallization.

X072 Opens, voids, or scratches on transducer fingers which do not
effect electrical characteristics are acceptble.

D.J. D.t
Quality Assurance

j XII-3



TABLE I

Illustration Requirement

Reject - A is less than 1 il

(25.4 microns or .001 inch)
between metallization and chips or
cracks in crystal substratematerial.

Aa
Reject - Scribing edge of crystal
material comes closer than 25
microns ( uril) to active11AAV Imetallization.

AReject - Anhors k beweenhtndce

into or points toward and comes
within 127 microns (5 mils) of
active metallization.

Reject - Scratches, voids, or

pad or transducer interconnect to
OF less than 50 percent of original

design width.

Reject - Shorts between transducer
fingers that are not connected to

______ _ the same interconnect pad which
cannot be removed during test.
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PHASE IV PRESEAL ELECTRICAL DATA
FOR BP-Q DEVICES
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HUGHES-FUL L ER TON
Hughes Aircraft Company

Fullerton, California

BPQ - PRECAP

98-102 1.96 18-22 35 50 359812 2.09 2:1
LDC SN o 1W "INS SSI, SFT SSP VSWR lo hi

8-29-77 1 100.18 1.97 18.3 35 60 40 '< 99.20 101.17
2 100.18 1.97 18.5 >35 60 41 '< 99.20 101.17
3 100.18 1.99 18.3 -35 55 41 < 99.19 101.18
4 100.17 2.00 18.5 -35 54 41 << 99.17 101.17
5 100.17 1.99 18.3 >35 60 41 -< 99.18 101.17
6 100.19 1.98 19.1 -35 55 42 << 99.20 101.18
7 100.17 1.98 18.3 '35 56 41 <, 99.18 101.16
8 100.19 2.00 18.3 '35 55 41 << 99.19 101.19
9 100.18 2.01 18.1 >35 60 40 << 199.18 101.19
10 100.14 19.8 18.6 N35 60 40 << 99.15 101.13
11 100.19 2.00 18.0 -35 60 38 << 99.19 101.19
12 100.18 2.00 18.1 -35 60 40 << 99.18 101.18
13 100.18 1.99 18.4 '35 60 40 99.19 101.18
14 100.17 1.99 18.2 >35 60 40 << 99.18 101.17

8-30-77 15 100.17 1.98 18.2 '35 60 39 << 99.18 101.16
16 100.17 2.01 18.2 '35 60 39 << 99.17 101.18
17 100.19 1.98 18.1 >35 60 40 << 99.20 101.18
18 100.19 2.01 18.0 '35 60 39 << 99.19 101.20
19 100.17 1.98 18.6 '35 60 40 << 99.18 101.16
20 100.18 1.99 18.2 >35 60 39 << 99.19 101.18
21 100.19 1.98 18.4 >35 60 40 << 99.20 101.18
22 100.19 1.98 18.7 1 35 60 41 << 99.20 101.18
23 100.19 1.98 18.5 '35 60 40 << 99.20 101.18
24 100.21 1.98 18.3 -35 60 40 << 99.22 101.20
25 100.20 2.00 18.4 -35 60 40 :< 99.20 101.20
26 100.17 1.99 18.2 '35 60 40 << 99.18 101.17
27 100.19 1.98 18.0 >35 60 40 < 99.20 101.18
28 100.20 1.98 18.5 >35 60 40 << 99.21 101.19
29 100.19 1.98 18.3 >35 60 40 << 99.20 101.18
30 100.20 1.98 18.3 >35 60 40 << 99.21 101.19
31 100.19 1.98 18.3 >35 60 40 << 99.20 101.18

8-31-77 32 100.17 1.99 18.5 '35 60 40 << 99.18 101.17
33 100.18 1.99 18.4 >35 60 40 << 99.19 101.18
34 100.19 1.99 18.3 >35 60 39 << 99.20 101.19
35 100.20 1.99 18.9 >35 60 40 <, 99.21 101.20
36 100.18 1.99 20.8 '35 60 45 << 99.19 101.18
37 100.20 2.00 18.6 '35 60 40 << 99.20 101.20
38 100.19 1.99 18.4 '35 60 40 << 99.20 101.19
39 100.19 1.98 18.5 '35 60 40 << 99.20 101.18
40 100.20 2.00 18.6 -35 60 40 << 99.20 101.20
41 100.17 1.99 18.1 >35 60 40 << 99.18 101.17
42 100.21 1.98 18.3 '35 60 40 .< 99.22 101.20

9-1-77 43 100.19 2.00 18.2 '35 60 40 <. 99.19 101.19
44 100.18 2.02 18.1 -35 60 40 << 99.17 101.19
45 100.18 2.03 18.1 >35 60 40 << 99.17 101.20
46 100.19 2.01 18.1 -35 60 40 '< 99.19 101.20
47 100.20 1.01 18.0 -35 60 40 << 99.19 101.20

XIv-



BPQ - PRECAP (Continued)

98 102 2.9 18-22 35 50 35
f 2.09 1 S S S 2: fIDC SN t BW ITNS SI, FT SP VSWR flo hli

9 1 77 48 100.18 2.00 18.1 >35 60 40 << 99.18 101.18
49 100.19 2.02 18.1 ",35 60 40 << 99.18 101.20
50 100.18 2.02 i 18.2 >35 60 40 << 90 17 101.19
51 100.19 1.98 35 60 40 << 99.2d 101.18
52 100.20 2.00 I 35 60 40 << 99.20 101.20
53 100.17 1.99 18.4 >35 60 40 << 99.18 101.17
54 100.19 2.00 18.1 >35 60 40 << 99.19 101.19
55, 101.18 2.03 18.6 35 60 4-1 << 99.17 101.20
56 100.21 1.99 18.4 >35 60 40 << 99.22 101.21
57 100.19 1.99 18.4 ,35 60 40 << 99.2) 101 19
58 100.19 1.99 18.3 35 60 40 << 99.20 101.19
59 100. 19 1.98 18.3 35 60 40 << 99.20 101.18
60 100.16 2.01 18.2 >35 60 40 << 99.16 101.17
61 100.19 2.00 18.6 >35 60 40 << 99.19 101.19

96 77 62 100.18 2.00 18.2 "35 60 40 << 99.18 101.18
63 100.19 1.98 18.5 35 60 40 << 99.20 1(1118
64 100.18 2.00 18.2 -35 60 40 << 99.18 101.18
65 100.18 2.02 18.1 35 60 40 << 99.17 1101.19
66 100.19 1.98 18.2 -35 60 40 << 99.20 101.18
67 100.18 1.99 18.1 '35 60 40 << 99.19 101.18
(18 100.16 2.01 18.3 >35 60 40 << 99.16 101.17
69 101).18 1.99 18.1 >35 60 40 << 99.19 101.18
70 100.18 2.)0 18.1 >35 60 40 << 99.18 101.18
71 100.19 1.99 18.3 >35 60 40 << 99.20 I01.19
72 100.20 1.98 18.3 '35 60 40 << 99.21 101.19
73 100.19 1.98 18.1 35 60 40 << 99.20 101.18
74 100.19 1.98 18.4 >35 60 40 << 99.20 101.18
75 100.18 1.99 18.3 >35 60 40 << 99.19 1101 18
76 100.19 1.99 18.2 '35 (10 40 << 99.20 1101:19
77 100.18 1.99 18.2 >35 60 40 << 99.19 101.18
78 100.19 2.00 18.3 -35 60 40 << 99.19 101.19
79 100.17 1.98 18.4 -35 60 40 << 99.18 101.16
80 100.19 1.98 18.1 35 60 40 << 99.20 101.18
81 100.19 1.98 18.1 -35 60 40 << 99.20 101.18

9-7 77 82 100.18 2.0 18.4 -35 60 40 << 99.18 101.18
83 100.18 2.01 18.1 >35 60 40 << 99.18 101.19
84100.18 1.99 18.4 35 60 40 << 99.19 101.18
85 100.18 1.99 18.4 >35 60 40 << 99.19 101.18
86 100.19 1.98 18.4 -35 60 40 << 99.20 101.18
87 100.21 1. 98 18.3 >35 61 40 << 99.22 11)1.20
88 100.20 12.00 18.8 -35 60 40 << 99.20 101.20
89 100.19 2.00 18.1 >35 10 40 < 99.19 111.20
90 100.18 2.00 18.4 -35 60 40 << 99.18 101.18
91 100.20 1.9W 18.5 !35 60 40 << 99.19 101.21
92 100.18 1.97 19.2 ,35 10 43 << 99.20 1101.17
93 100.20 2.1)00 18.5 >35 60 40 < 99.20 101.20
94 100.20 1.98 18.5 '35 60 41 << 99.21 101.19

XIV 2



HUGHES-FULLERTON
Hughes Aircraft Company

Fullrton, California

BPQ - PRECAP (Continued)

98-102 1.96- 18-22 35 50 35 2f810 1.04 1 :

DC NI 0 BW2 s SSL SFT SSP VSWR lo hi

S100.19 18.3 >35 60 40 << 99.18 101.20
96 100.19 2.00 18.3 >35 60 40 << 99.19 101.19
97 100.18 1.99 18.4 >35 60 40 << 99.19 101.18

9-8-77 98 100.19 2.02 18.3 >35 60 40 << 99.18 101.20
99 100.19 1.99 18.1 >35 60 40 << 99.20 101.19

100 100.20 2.00 18.5 >35 60 40 << 99.20 101.20
101 100.17 2.00 18.3 >35 60 40 << 99.17 101.17
102 100.19 1.99 18.4 >35 60 40 << 99.20 101.19
103 100.17 1.99 18.3 >35 60 40 << 99.18 101.17
104 100.16 1.9P 18.2 >35 60 40 << 99.17 101.16
105 100.19 2.00 18.3 >35 60 40 << 99.19 101.19
106 100.20 1.98 18.3 >35 60 40 « 99.21 101.19
107 100.18 2.00 18.3 >35 60 40 << 99.18 101.18

9-13-77108 100.21 1.97 18.5 >35 60 40 << 99.12 101,20
i109 100.18 2.00 18.2 >35 60 40 < 99.18 101.18
110 100.22 2.00 18.2 >35 60 40 < 99.22 101.22
111100.21 1.98 18.1 >35 60 42 99.22 101.20
112 100.16 2.00 18.6 >35 60 43 < 99.16 101.16
113 100.19 1.99 18.4 >35 60 40 << 99.20 101.19
114 100.20 2.00 18.0 >35 60 40 99.20 101.20
;115 100.18 1.99 18.0 >35 60 40 99.19 101.18
116 100.19 1.98 18.1 >35 60 40 < 99.20 101.18
117 100.19 1.98 18.2 >35 60 40 << 99.20 101.18
118 100.17 1.98 18.0 >35 60 40 < 99.18 101.16
119 100.17 2.01 18.0 >35 60 40 << 99.17 101.18
120 100.18 2.00 18.3 >35 60 40 << 99.18 101.18
121 100.19 1.98 18.0 >35 60 40 << 99.20 101.18
122 100.17 1.99 18.5 >35 60 40 << 99.18 101.17
123 100.18 1.99 18.3 >35 60 40 << 99.19 101.18

9-30-77 124 100.17 1.98 18.0 >35 60 40 << 99.18 101.16
125 100.18 1.99 18.0 >35 60 40 << 99.19 101.18
128 100.18 2.03 18.0 >35 60 40 << 99.17 101.20
126 100.18 2.01 18.0 >35 60 40 << 99.18 101.19
127 100.17 2.01 18.0 >35 60 40 << 99.17 101.18
129 100.17 1.99 18.0 >35 60 40 < 99.18 101.17
130 100.16 1.98 18.3 >35 60 40 << 99.17 101.15
131 100.19 2.01 18.1 >35 60 40 < 99.19 101.20
132 100.18 1.99 18.1 >35 60 40 << 99.19 101.18
133 100.19 1.98 18.0 >35 60 40 < 99.20 101.18
134 100.19 1.98 18.0 >35 60 40 99.20 101.18
135 100.19 2.0 18.2 >35 G0 40 < 99.19 101.19
136 100.23 1.99 18.3 >35 60 40 << 99.24 101.23
137 100.18 2.00 18.3 >35 60 40 << 99.18 101.18
138 100.19 1.99 18.4 >35 60 40 << 99.20 101.19
139 100.19 2.00 18.0 >35 60 40 << 99.19 101.19
140 100.18 1.98 18.2 >35 60 40 << 99.19 101.17
141 100.16 2.02 18.0 >35 60 40 << 99.15 101.17
142 100.19 2.00 18.2 >35 60 40 << 99.19 101.19

x Ill 3
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BPQ - PRECAP (Continued)

98-102 1.96- 18-22 35 50 35

f 1.04 S S S 2:1LDC SN o BW INS SL FT Sp VSWR f10 hi

3-23-78 143 100.185 1.97 19.8 > 35 70 42 << 99.20 101.17
144 100.19 1.98 19.7 > 35 70 42 << 99.20 101.18
145 100.175 1.99 19.2 > 35 70 41 < 99.18 101.17
146 100,175 1.97 19.3 > 35 70 41 < 99.19 101.16
147 100.165 2.01 19.2 > 35 70 41 << 99.16 101.17
148 100.19 2.00 19.6 > 35 70 42 << 99.19 101.19
149 100.175 1.99 19.7 > 35 70 43 << 99.18 101.17
150 100.165 1.97 18.9 > 35 70 41 << 99.18 101.15
151 100.155 2.01 19.1 > 35 70 40 << 99.15 101.16
152 100.17 2.00 19.0 > 35 70 41 << 99.17 101.17
153 100,17 2.04 19.2 > 35 70 42 << 99.15 101.19
1154 100.175 1.99 19 2 > 35 70 41 << 99.18 101.17
155 100.15 2.02 19.2 > 35 70 42 << 99.14 101.16
156 100.15 2.00 19.1 35 70 42 << 99.15 101.15
157 100.16 2.02 18.5 35 70 41 << 99.15 101.17
158 100.175 1.99 19.1 35 70 42 << 99.18 101.17
159 100.175 1.99 19.1 > 35 70 42 << 99.18 101.17
160 100.175 1.97 19.1 > 35 70 41 << 99.19 101.16
161 100.18 1.98 19.5 > 35 70 42 << 99.19 101.17
162 100.18 1.98 19.6 > 35 70 43 << 99.19 101.17
163 100.18 2.00 19.7 > 35 70 42 << 99.18 101.18
164 100.19 2.00 19.2 > 35 70 42 << 99.19 101.19

3-24-78 165 100.185 1.99 19.4 > 35 70 42 << 99.19 101.18
166 100.17 1.98 19.4 > 35 70 42 << 99.18 101.16

3-28-78 167 100.18 2.00 19.3 > 35 70 43 << 99.18 101.18
168 100.175 2.01 19.4 > 35 70 43 << 99.17 101.18
169 100.19 1.98 19.6 > 35 70 43 << 99.20 101.18
170 100.19 1.98 19.6 > 35 70 42 << 99.20 101.18
171 100.185 1.99 19.5 > 35 70 43 << 99.19 101.18
172 100.185 1.97 19.4 > 35 70 42 << 99.20 101.17
173 100.18 2.00 19.7 > 35 70 43 << 99.18 101.18

4-10-78 174 100.19 2.00 19.5 > 35 62 43 << 99.19 101.19
175 100.205 1.97 19.8 > 35 61 43 << 99.22 101.19
176 100.19 2.00 18.6 > 35 60 41 << 99.19 101.19
177 100.195 1.99 19.3 > 35 63 43 << 99.20 101.19
178 100.175 1.99 19.4 > 35 70 43 << 99.18 101.17

5-24-78 179 100.15 2.00 18.7 > 35 63 41 << 99.15 101.15
180 100.135 2.01 18.7 > 35 67 41 << 99.13 101.14
181 100.175 2.03 18.6 > 35 73 42 << 99.16 101.19
182 100.165 2.01 19.4 > 35 65 42 << 99.16 101.17
183 100.15 2.00 19.5 > 35 63 42 < 99.15 101.15
184 100.155 1.99 19.5 > 35 70 41 < 99.16 101.15

5-25-78 185 100.185 2.03 20.1 > 35 63 44 << 99.17 101.20
186 100.16 2.02 18.9 > 35 64 43 << 99.15 101.17
187 100.185 2.03 19.3 > 35 66 42 << 99.17 101.20
188 100.175 1.99 19.5 > 35 70 43 << 99.18 101.17
189 100.175 2.01 18.6 > 35 67 41 << 99.17 101.18
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HUGHES-FUL L ER TON

Hughes Aircraft Company
Fullerton, California

BPQ - PRECAP (Continued)

98-102 1.96 18-22 35 50 35
f 1.04 1822 s s 2:1 f f

LDC SN 0 BW INS SI FT S1p VSWR lo hi

5-25-78 190 100.16 2.02 18.7 35 70 41 < 99.15 01.17

191 100.165 1.99 20.0 35 70 43 , 99.17 .101.16
192 100.175 1.99 20.3 > 35 65 43 << 99.18 101.17
193 100.185 1.99 19.9 35 67 42 -' 99.19 101.18
194 100.165 1.99 19.5 35 70 42 < 99.17 101.16
195 100.55 1.99 19.4 35 65 41 < 99.16 ,101.15
196 100.16 2.00 19.7 35 63 42 "< 99.16 101.16
197 '100.145 2.01 19,7 35 63 42 << 99.14 101.15
1981100.145 2.01 19.7 35 63 42 << 99.14 1I01.15
199100.135 2.01 19.5 35 66 42 "" 99.13 r101.14
200i100.18 1.98 20.0 35 62 42 << 99.19 101.17
1201 100.155 2.01 19.6 35 75 42 << 99.15 101.16
202 100.13 1.98 19.6 35 73 42 "< 99.14 '101.12
203 100.135 1.99 19.4 > 35 68 42 <' 99.14 101.13
2041100.17 1.98 20.2 > 35 64 43 "- 99.18 101.16
205 100.155 2.01 19.8 " 35 65 42 99.15 1101.16
206 100,175 1.97 19.6 - 35 65 43 '< 99.19 101.16
207 100.14 2.00 19.7 35 70 42 << 99.14 101.14
208 100,155 1.99 19.7 " 35 65 42 << 99.16 101.15
209 100.16 2.01 19.7 35 70 42 << 99.16 101.16
210 100,21 1.98 19,8 " 35 60 499.22 101.20

211 100.18 1.98 19,8 35 70 43 << 99.19 I01.17
212 100.14 2.00 19.7 35 63 42 << 99.14 101.14
213 100,165 1.97 20.0 > 35 60 42 << 99.18 101.15
214 100.18 1.98 20.0 " 35 62 42 << 99.19 1101.17
215 100,165 1.97 19.7 " 35 70 42 << 99.18 101.15

5-26-78 216 100.14 2.00 19.7 35 70 42 << 99.14 101.14
217 I00.175 1.97 20.2 35 62 43 << 99.19 101.16
21800.155 1.99 19.7 35 67 42 << 99.16 101.15
219 100.15 1.98 20.1 35 70 43 << 99.16 101.14
220 100.115 1.99 20.2 35 62 43 << 99.12 101.11
221 100,095 1.99 18.9 35 68 41 << 99.10 101.09
222 100.195 1.97 20.3 35 70 44 << 99.21 101.18
223 100.195 2.01 19.3 > 35 63 44 << 99.19 101.20
224 100,215 1.97 19,8 > 35 60 44 << 99.23 101.20
225 100.185 2,01 18.6 ' 35 50 44 << 99.18 101.19
226 100.17 2.02 18.5 ' 35 57 43 << 99.16 101.18
227 100.16 2.02 18.7 " 35 57 42 << 99.15 101.17
228 100.18 2,00 18.7 > 35 55 << 99.18 101.18
229 100,175 2.03 18.4 35 64 43 < 99.16 101.19
12304100.185 2.01 18,8 " 35 57 43 << 99.18 101.19
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APPENDIX XV

PHASE IV FINAL ELECTRICAL

DATA FOR BP-Q DEVICES
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HUGHES-FUL L ER TON
Hughes Aircraft Company

Fullerton, California

BPQ FINALS

98-102 1.96-2.04 18-22 z35 z50 >35 <2:1
LDC SN fo BW LINS SsL SFT SSp VSWR fl, fh

5-8-78 1 100.205 1.99 19.2 >35 70 42 < 99.21 101.20
2 100.225 1.99 20.2 >35 61 43 << 99.23 101.22
3
4

6

10

13
15
16 100.215 1.95 21.4 >35 52 41 99.24 101.19
18 100.225 1.97 20.7 >35 58 44 99.24 101.21
20 100.21 1.98 19.3 >35 56 41 99.22 101.20
21 01$
23 100.215 1.99 18.9 >35 63 42 . 99.22 101.21
25 out
26 100.195 2.01 18.7 >35 63 41 << 99.19 101.20
27 100.21 2.00 18.5 >35 67 41 << 99.21 101.21
28 100.225 1.99 18.9 >35 60 40 << 99.23 101.22
29 100.22 2.02 18.8 >35 63 42 << 99.21 101.23
31 100.22 2.00 18.5 >35 62 41 << 99.22 101.22
32 100.205 2.01 18.7 >35 56 42 99.20 101.21
33 100.205 2.01 18.6 >35 63 41 << 99.20 101.21
34 100.22 2.00 18.7 >35 60 42 << 99.22 101.22
35 100.225 1.99 19.3 >35 57 42 << 99.23 101.22
37 100.22 2.04 19.0 >35 55 42 99.20 101.24
38 100.21 2.02 18.7 >35 65 42 << 99.20 101.22
39 100.21 1.98 18.9 >35 64 41 99.22 101.20
40 100.225 2.01 18.9 >35 62 42 << 99.22 101.23
41 100.20 2.00 18.4 35 59 41 << 99.20 101.20
42 100.235 1.99 18.5 >35 56 42 << 99.24 101.23
43 101.21 2.00 18.5 >35 62 42 << 99.21 101.21
44 100.205 2.03 18.4 -35 59 42 << 99.19 101.22
45 100. 205 2.03 18.4 35 60 42 << 99.19 101.22
46 100.225 2.01 18.5 >35 60 42 << 99.22 101.23
47 100.21 2.02 18.5 >35 56 41 << 99.20 101.22
48 100.195 2.01 18.7 >35 56 41 << 99.19 101.20
51 100.22 1.98 18.5 >35 60 4 .....42 99.23 101.21
53
54 100.215 1.97 1.97 >35 65 42 < 99.23 101.20
55 100.21 2.04 18.8 -35 64 42 << 99.19 101.23
57 21.0 99.23 101.18
59 100.205 18.7 >35 65 41 << 99.20 101.21
60 I

62 o
63 100.21 2.02 118.9>35 60 42 < " 99.20 101.22

XV-1



BPQ FINALS (CONTINUED)

98-102 1.96-2.04 18-22L35 >50 235 <1:1
LDC SN BW LINSSSL SFT SSP VSWR flo fhi

5-8-78 64

65
5-9-78 67 100.195 1.99 18.9 135 70 40 < 99.20 101.19

69 100.20 2.00 18.7 "35 66 40 << 99.20 101.20
70 100.215 2.01 18.5 >35 70 40 < 99.21 101.22
72 100.22 2.00 18.9 >35 68 40 << 99.22 101.22
73 100.20 2.02 18.6 >35 60 40 << 99.19 101.21
75 BW 2.09 99.16 101.25
76 101.215 1.99 18.6 >35 65 40 << 99.22 101.21
77 100.21 1.98 18.8 '35 63 40 < 99.22 101.20
78 100.215 1.99 18.9 >35 66 40 < 99.22 101.21
79 100.185 1.99 19.1 >35 62 40 << 99.19 101.18
80,

83 100.205 2.01 19.4 >35 70 41 < 99.20 101.21
84
85
86
87 100.225 1.99 20.4 >35 63 42 < 99.23 101.22
88 100.225 2.01 19.5 >35 58 42 << 99.22 101.23
89 100.22 2.00 19.1 >35 63 42 << 99.22 101.22
91 100.23 1.98 19.0 >35 65 41 << 99.24 101.22
93
94 100.225 1.99 19.1 >35 60 41 << 99.23 101.22
95 100.21 2.02 18.9 '35 54 40 << 99.20 101.22
96 100.205 2.01 18.9 >35 60 42 << 99.20 101.21
97 100.205 2.01 18.9 >35 66 42 << 99.20 101.21
99 100. 215 2.01 18.7 >'35 67 41 << 99.21 101.22

100 100.215 2.01 19.0 "35 62 42 << 99.21 101.22
102 100.215 2.01 19.1 '35 60 42 << 99.21 101.22
103 100.215 1.97 20.2 >35 70 43 << 99.23 101.20
104
106
108 100.235 2.01 18.7 "35 60 42 < 99.23 101.24
109 [ , 99.16 101.23
123
129 100.185 2.03 18.6 >35 58 40 < 99.17 101.20
130 100.165 1.99 19.0 ,35 60 40 << 99.17 101.16
133
134
135
138 100.215 1.99 18.6 '35 56 42 < 99.22 101.21
139 100.195 2.03 18.3 ,35 65 41 < 99.18 101.21
143 100.20 1.98 20.1 '35 59 43 << 99.21 101.19

5-10-78 144 100.20 1.98 19.9 3b 64 43 << 99.21 101.19
145 100.20 1.98 19.2 "35 70 42 << 99.21 101.19
146 100.20 2.00 19.5 "35 62 42 << 99 20 101.20
117 100.19 2.00 19.3 '35 66 42 << 99.19 101.19

XV-2



HUGHESFULLERTON
Hughes Aircraft Company

Fullerton, Caiforna

BPQ FINALS (CONTINUED)

98-102 1.96-2.04 18-22 "35 -50 '-35 -2:1 -

LDC SN fo BW LINS SSL, SFT SSP VSWR flo fhi

,-10-78 148 100.205 1.99 20.0 '35 62 43 << 99.21 101.20
149 100.205 1.99 20.0 "35 64 43 < 99.21 101.20
150 100.195 1.99 19.3 N35 66 42 << 99.20 101.19
151 100.18 2.02 19.3 '35 62 42 < 99.17 101.19
152 100.19 2.02 19.4 '35 63 42 < 99.18 101.20
153 100.19 2.02 19.5 '35 70 42 << 99.18 101.20
154 100.19 1.98 19.5 '35 65 41 << 99.20 101.18
157 100.18 2.02 18.8 '35 63 41 << 99.17 101.19
158 100.19 2.00 19.4 '35 62 42 << 99.19 101.19
159 100.A0 2.00 19.2 '35 65 42 << 99.20 101.20
160 100.19 1.98 19.7 '35 62 42 << 99.20 101.18
164 100.21 2.00 19.4 '35 64 42 << 99.21 101.21
169 100.205 1.97 19.8 '35 70 43 < 99.22 101.19
170

5-10-78 7
14
22

30 100.225 1.99 18.6 '35 60 42 99.23 101.22
36 BW 99.19 101.24
24 100.235 . ':.Vi 18.4 '35 63 42 < 99.24 101.23
50 100.195 2.01 18.6 '35 66 41 << 99.19 101.20
71

5-15-78 90 100.21 2.00 18.5 "35 70 42 << 99.21 101.21

95
98

11o
112
114 100.21 2.00 18.6 >35 56 40 << 99.21 101.21
119 100.19 1.98 18.8 '35 70 41 << 99.20 101.18

127 100.19 ;2 18. "35 57 I 41 << 99.18 101.20

131 99.19 101.24

136 100.255 1.99 188"35 60 42 << 99.26 101.25

125 100.205 2.01 18.6 '35 58 40 << 99.20 101.21
126 100.20 2.00 18.4 '35 57 40 << 99.20 101.20
128 99.17 101.22
124 100.18 2.00 18.4 '35 70 41 << 99.18 101.18
137
140 100.20 2.02 18.4 '35 74 41 << 99.19 101.21
141 00
142 V
161 100.20 2.00 19.7 '35 61 43 << 99.20 101.20
162 100.21 2.00 19.4 "35 64 43 < 99.21 101.21
163 100.21 2.00 19.7 -35 60 42 <' 99.21 101.21
165 100.21 2.00 19.5 '35 61 42 '' 99.21 101.21
166 100.19 2.00 19.4 '35 73 43 << 99.19 101.19

XV-3



BPQ FINALS (CONTINUED)

98-102 1.96-2.04 18-22 135 150 ?35 -2:1
LDC SN fo BW LINS SSL SFT SSp VSWR flo fhi

5-15-78 167 100.195 1.99 19.4 >35 64 42 << 99.20 101.19
168 X
171 100.21 1.98 19.8 >35 69 42 < 99.22 101.20
172 100.205 1.97 19.6 >35 63 42 << 99.22 101.19

7-25-78 174 100.20 i 19.4 << 99.14 101.26
175 100.225 1.97 19.6 >35 68 44 << 99.24 101.21
176 100.20 2.02 18.5 >35 56 41 << 99.19 101.21
180 100.155 2.01 18.9 >35 57 42 << 99.15 101.16
181 100.19 2.02 18.8 >35 63 44 << 99.18 101.20
183
194 100.17 2.00 19.6 >35 60 43 << 99.17 101.17
215 100.185 2.01 19.8 >35 63 44 << 99.18 101.19
216 100.16 2.00 19.8 >35 60 43 << 99.16 101.16
217 100.195 1.99 20.4 >35 64 45 << 99.20 101.19
223 100.195 2.01 19.3 >35 63 44 << 99.19 101.20
224 100.215 1.97 19.8 >35 60 44 << 99.23 101.20
225 100.185 2.01 18.6 >35 50 44 << 99.18 101.19
226 100.17 2.02 18.5 >35 57 43 << 99.16 101.18
227 100.16 2.02 18.7 >35 57 42 << 99.15 101.17
228 100.18 2.00 18.7 >35 55 44 << 99.18 101.18
229 100.175 2.03 18.4 >35 64 43 << 99.16 101.19
230 100.185 2.01 18.8 >35 57 43 << 99.18 101.19

7-26-78 17
49 100.22 2.00 18.2 >35 64 41 << 99.22 101.22
68 100.18 2.00 19.3 >35 63 42 << 99.22 101.22
105 100.22 2.00 19.3 >35 63 42 << 99.22 101.22
107 ""
111 100.225 1.99 18.5 >35 60 41 << 99.23 101.22
118
113
120 100.20 2.00 18.7 >35 67 42 99.20 101.20
122 100.20 2.00 18.6 >35 61 42 < 99.20 101.20
132 100.195 2.03 18.6 >35 60 40 < 99.18 101.21
173 100.19 2.00 20.0 >35 60 41 < 99.19 101.19
177

XV-4



Appendix XVI

PHASE IV PRESEAL ELECTRICAL DATA
FOR BPLN DEVICES



HUGHES-FULL ER TON
Hughes Aircraft Company

Fullerton, California

BPLN Preseal Data

147- 29.4- 18.5-
153 30.6 21.5 >35 |50 Z35 13:1

LDC SN F0  BW Lill s  SL SFT SSP VSWR FLO F HI

4-28-77 1 151.58 29.65 19.9 35 60 38 << 136.75 166.40
2 151.28 30.21 20.0 35 60 39 << 136.29 166.28
3 151.05 29.41 21.5 35 60 43 << 136.35 165.76
4 151.08 29.40 19.2 35 53 38 << 136.38 165.78
5 150.83 29.70 20.5 35 60 39 << 135.98 165.68
6 151.09 29.42 19.3 35 60 38 << 136.38 165.80
7 151.05 29.40 19.6 35 50 39 << 136.35 165.75
8 151.06 29.48 18.7 35 60 38 << 136.32 165.80
9 151.17 29.41 18.8 35 60 37 << 136.46 165.87

10 151.28 29.40 19.1 35 60 40 << 136.6 165.96
11 151.32 29.77 19.2 35 60 39 << 136.43 166.20
12 151.18 29.50 19.5 35 60 39 << 136.43 165.93
13 151.07 29.41 19.0 35 60 38 << 136.36 165.77
14 150.75 29.61 18.6 35 60 37 << 136.45 165.06

15 151.09 29.43 18.6 35 60 37 << 136.37 165.80
16 150.89 29.40 20.1 35 50 40 << 136.19 165.59
17 150.96 29.44 18.9 35 60 37 << 136.24 165.67
18 151.15 29.80 19.9 35 50 40 << 136.23 166.07
19 150.96 29.49 19.5 35 60 37 << 136.19 165.68
20 151.06 29.43 19.2 35 50 38 << 136.34 165.77
21 150.99 29.42 20.2 35 50 38 << 136.28 165.70
22 151.29 29.59 19.0 35 60 38 << 136.49 166.08
23 151.17 29.40 19.1 35 50 38 << 136.47 165.87
24 151.22 29.60 18.8 35 50 38 << 136.42 166.02
25 150.87 29.42 18.7 35 50 38 << 136.16 165.58
26 151.10 29.41 20.2 35 60 39 << 136.39 165.80
27 150.92 29.40 18.7 35 50 37 << 136.22 165.62
28 152.25 29.48 18.8 35 60 38 << 136.41 168.09
29 151.38 29.45 19.1 35 50 38 << 136.66 166.11
30 151.15 29.69 20.4 35 60 41 << 136.30 165.99
31 150.99 30.07 19.9 35 60 40 << 135.95 166.02
32 150.99 29.40 18.8 35 50 37 << 136.29 165.69
33 150.89 29.54 19.9 35 50 38 << 136.12 165.66
34 150.86 29.55 19.3 35 50 38 << 136.08 165.63
35 150.96 29.44 18.7 35 50 35 << 136.24 165.68
36 151.08 29.65 19.8 35 60 39 << 136.25 165.90
37 150.88 29.70 19.0 35 50 38 << 136.03 165.73
38 151.26 29.64 18.7 35 60 37 << 136.44 166.08
39 150.98 19.75 19.3 35 60 38 << 136.10 165.85
40 151.42 19.41 19.0 35 60 38 << 136.71 166.12
41 151.15 29.79 19.6 35 50 38 << 136.25 166.04
42 151.32 29.63 19.6 35 50 39 << 136.50 166.13
43 151.00 30.46 19.3 35 50 38 << 135.77 166.23
44 150.93 29.41 19.1 35 50 38 << 136.23 165.64
45 150.97 29.67 18.6 35 50 37 << 136.14 165.81

XVI-i



II
4i

BPLN Preseal Data (Continued)

147- 29.4 18.5-1
153 130.6 21.5 35 :50 "35 :;3:1 F

L.IC SN FO  BW L. n SSI SF Sp VSWR FL FH

0 l s S1 .~ FT SP LO___ HI__

45,150.S 1 29.56 18.9 35 50 37 << 136.04 165.60
47 150.61 '29.57 18.8 35 << 135.83 165.40
48 150.87, 29.66 20.2 35 50 37 << 136.04 165.70
49 151.0930.06 29.6 35 50 39 << 136.06 166.12
50150.99 29.62 19.8 35 50 39 << 136.13 165.85
51 151.16,29.58 19.8 35 50 40 << 136.37 165.95
52 151.3329.90 20.3 35 60 42 << 136.38 166.28
53151.23!29.77 19.3 35 60 39 << 136.34 166.11
541151.04.29.86 19.3 35 60 39 << 136.11 165.97
55!'150.98130.20 10.1 35 53 40 << 135.88 166.08
56 151.1029.63 19.3 35 60 39 << 136.28 165.91
571150.98,29.68 19.0 35 60 38 << 136.14 165.82
581151.03 29.95 19.1 35 55 38 << 136.05 166.00 L
591151.13 29.81 19.4 35 55 39 << 136.23 166.02
60151.08 29.60 20.1 35 60 40 << 136.28 165.88

8-16-77 611151.05 29.96 19.8 35 60 40 << 136.10 166.00
62i151.13 30.06 19.8 35 60 41 << 136.10 166.16
631151.07 30.1 19.5 35 60 40 << 136.02 166.12
64'151.01i29.95 19.2 35 60 40 << 136.02 166.01
65'151.11129.66 19.7 35 60 40 << 136.28 165.94
66 51.3 30.15 19.7 35 60 40 << 136.06 166.21
67 151.29 30 19 205 35 57 42 << 136.20 166.39
68151.00129:54 19.5 35 50 39 << 136.23 165.77
69 150.89 29.78 19.0 35 63 39 << 136.00 165.78
701151.09 29.74 18.9 35 65 39 << 136.22 165.96
71 150.93 29.86 18.9 35 63 39 << 136.00 165.86
72151.22 29.92 19.0 35 56 39 << 136.26 166.18
73151.12 29.80 19.6 35 62 40 << 136.22 166.02

74 151.03 30.13 18.8 35 60 38 << 135.97 166.10
75!151.04 29.96 18.6 35 65 38 << 136.06 166.02
76 151.07 30.22 19.1 35 58 39 << 135.96 166.18
77 151.03 30.08 19.0 35 54 39 << 135.99 166.07
78 151.40 29.72 21.1 35 60 38 << 136.54 166.26

8-17-77 79 151.59 30.16 19.6 35 60 39 << 136.51 166.67
8-18-77 80,151.07 29.71 19.1 35 60 40 << 136.22 165.93

811151.83 30.4 19.4 35 60 40 << 136.6 167.06
821151.08 29.78 19.1 35 60 39 << 136.19 165.97
831151.05 29.78 19.6 35 60 40 << 136.16 165.94
84 150.90 29.83 19.5 35 60 39 << 135.99 165.82
85 150.93 29.98 19.0 35 60 39 << 135.94 165.92
86 150.92 20.07 18.8 35 60 38 << 135.89 165.96
87 150.98 29.95 19.8 35 60 40 << 136.01 165.96
88 151.23 30.36 19.7 35 60 40 << 136.05 166.41

8-15-77 89 150.97 29.9 19.0 35 60 39 << 136.02 165.92
90 151.09 29.76 19.3 35 60 39 << 136.21 165.97
91 151.16 P9. 7 19.1 35 56 39 << 136.18 166.15

XVI-2



HUGHES-FULL ER TON

Hughes Aircraft Company
Fullerton, California

BPLN Preseal Data (Continued)

147- 29.4- 18.5-
153 30.6 21.5 35 50 35 :3:1

LDC SN F BW L S S S VSWR F F
0S ins SL 5 FT SP LO HI

8-19-77 92 151.10 30.08 19.1 35 60 39 << 136.06 166.14
93 151.18 29.95 18.9 35 60 39 << 136.21 166.16
94 151.21 39.84 18.8 35 60 39 << 136.27 166.11
95 151.25 29.88 18.8 35 60 39 << 136.39 166.19
96 151.13 29.87 19.4 35 54 39 << 136.2 166.07
97 151.27 30.06 20.0 35 60 << 136.24 166.03
98 151.10 29.93 19.4 35 60 40 << 136.14 166.07
99 151.09 29.94 20.2 35 55 38 < 136.12 166.06

100 150.99 29.83 20.1 35 55 40 < 136.08 165.91
1101 151.00 30.27 19.9 35 56 40 << 135.87 166.14
1102 151.26 29.72 19.4 35 54 40 << 136.44 166.16
103 151.24 29.94 19.4 35 60 40 << 136.27 166.21

8-22-77 104 151.02 29.84 19.1 35 55 38 << 136.10 165.94
105 150.8± 29.86 19.2 35 60 38 << 135.88 165.74
106 150.8 29.66 19.3 35 55 38 << 135.97 165.63
107 151.09 30.02 19.8 35 60 40 << 136.08 166.10
108 150.85 29.74 19.3 35 60 38 << 135.98 165.72

8-26-77 109 150.87 29.79 19.5 35 58 38 << 135.98 165.77
110 151.24 29.80 19.2 35 60 40 << 136.34 166.14
111 150.77 39.70 19.4 35 55 38 << 135.92 165.62
112 151.06 30.12 18.8 35 50 38 << 136.00 162.12
113 151.14 29.92 19.3 35 55 38 << 136.18 166.10
114 150.98 29.93 19.5 35 58 39 << 136.02 165.95
115 150.87 29.9± 19.6 35 55 38 << 135.92 165.83

12-21-77 116 151.27 30.04 19.7 35 60 39 << 136.25 166.29
12-22-77 117 150.895 29.45 19.4 35 60 38 < 136.17 165.62

118 150.86 30.14 19.1 35 60 38 << 135.79 165.93
119 151.30 29.64 18.6 35 56 35 << 136.48 166.12
120 151.034 29.71 18.8 35 53 38 << 136.18 165.89
121 150.975 19.79 19.9 37 59 38 << 136.08 165.87

12-23-77 122 151.32 29.76 19.7 35 60 38 << 136.44 166.20
123 151.11 29.56 19.7 35 60 39 << 136.36 165.86
124 151.07 19.54 19.6 35 60 37 << 136.30 165.84
125 151.025 29.71 19.9 35 60 39 << 136.17 165.88
126 151.28 29.72 19.7 35 60 39 << 136.42 166.14

1-3-78 127 151.25 29.70 18.9 35 56 37 << 136.40 166.10
128 150.98 29.84 19.7 35 50 39 << 136.06 165.90
129 151.27 29.56 20.2 35 55 40 << 136.49 166.05

4-10-78 130 150.595 29.55 19.1 35 65 41 << 135.82 165.37
131 150.775 29.59 18.9 35 65 46 << 135.98 165.57
132 150.735 29.67 18.5 35 65 47 << 135.90 165.57
133 150.925 29.75 18.6 35 66 49 << 136.05 165.80
134 151.125 29.89 18.8 35 67 38 << 136.18 166.07
135 150.85 29.90 19.4 40 61 38 << 135.90 165.80
136 150.895 29.89 19.2 36 65 39 << 135.95 165.84

XVI-3
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BPLN I'l'eseal Data (Continued)

147 29.4 18.5
153 30.6 21.5 -35 :50 235 -3:1

I,1)C SN F IW I SS S S VSWII F F
0(ll SL F SP LO III

4 10 78 137 150. 86 29. 9.4 20.5 35 65 41 << 135.89 165.83
138 151.085 29.8 19.0 35 65 39 << 136.16 166.01
139 150.925 29.75 20.2 35 62 39 << 136.05 165.80
140 150.935 29.87 20.1 35 67 39 << 136.00 165.87

4 11-78 141 150.61 29.88 19.3 35 66 38 << 135.67 165.55
142 150.7 29.80 18.6 35 66 36 << 135.86 165.66
143 151.00 30.02 20.1 36 65 39 << 135.99 166.01
144 150.74 29.82 18.7 35 65 37 << 135.83 165.65
145 150.775 29.65 19.2 35 66 38 << 135.95 165.60

146 150.85 29.80 18.8 35 67 37 << 135.95 165.75
147 150.93 29.90 18.6 35 66 37 << 135.98 165.88

148 150.945 29.75 18.7 35 67 37 << 136.07 165.82
5-1-78 149 150.965 29.71 19.0 35 56 38 << 136.11 165.82

150 150.835 29.89 20.0 35 62 39 << 135.89 165.78
5-5-78 151 150.875 30.01 19.9 "35 68 38 << 135.87 165.88

152 150.82 29.86 18.9 '35 56 37 I< 135.89 165.75
1531 151.11 29.82 19.5 >35 62 38 << 136.20 166.02
154 150.865 29.89 19.1 "35 66 38 << 135.92 165.81
155 150.835 29.89 18.5 "35 66 37 << 135.89 165.78
156 150.815 29.91 19.1 "35 63 37 << 135.89 165.80
157 150.975 29.95 19.9 "35 62 39 << 136.00 165.85
158 150.81 29.990 19.1 '35 63 38 << 135.86 165.76
159 150.855 29.993 19.0 '35 65 36 << 135.89 165.82
161) 150.695 29.69 19.4 '35 60 41) << 135.85 165.54
161 150.845 29.93 19.2 -35 66 38 << 135.88 165.81
162 150.955 29.99 18.9 '35 59 37 << 135.96 165.95
163 150.8:3 29.98 19.4 '35 62 39 << 135.84 165.82
164 150.855 30.05 18.7 '35 66 37 << 135.83 165.88
165 151.0,15 29.65 18.9 '35 65 37 << 136.22 165.87
166 151.07 :10.12 19.8 -35 65 39 << 136.01 166.13
167 151.02 :10. 18 18.9 '35 65 38 << 135.93 166.11

5-8 78 168 151.17 39.94 20.0 -35 65 38 << 136.20 166.14
169 150. 8:3 29.98 19.0 '35 63 37 << 135.84 165.82
170 150.945 29. 8:1 18.9 '35 65 37 << 136.03 165.86
171 150.80 39.66 19.4 -,35 6:1 39 << 135.97 165.63
172 150.755 29.99 20.5 '35 65 39 << 135.76 165.75
173 151.025 29.95 18.16 -35 65 37 << 136.05 166.10
174 150.8.15 :10.11 18.7 "-:35 6:1 36 << 135.79 165.90

5-19-78 175 150.765 29.993 19.1 -35 70 36 << 135.80 165.73
176 150. 66 29.86 19.1 '35 71) 37 << 135.73 165.59
177 150. 665 29. 63 19.10 ':15 70 36 << 135.85 165.48
178 150. 845 29.85 19.0 '35 70 37 << 1:15.92 165.77
179 150.865 29.9:1 18.9 '35 70 37 << 1:15.90 165. 83
180 150. 66 :10.08 19.0 35 70 36 << 135.67 165.70
181 150. 615 29.87 19.0 -35 701 36 << 135.68 165.55 
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M1GHt S F(UL I ER TON
HuOes Atrcreft Conpxjny

BPLN PRESEAL DATA (Continued)

147 29.4-- 18.5-
153 30.6 21.5 ':35 '50 :35 -3:1

IDC SN F BW I, ils S Sl ST SSp VSWR F 1ti.

5-19-78 182 150.845 29.75 19.1 -35 70 37 << 135.97 165.72
183 150.67 29.70118.8 '35 70 36 << 135.82 165.52
184 150.80 29.88 19.0 .35 70 36 << 135.86 165.74
185 150.87 29.90 19.2 -35 70 37 << 135.92 165.82
186 150.725 29.97 19.0 '35 70 36 << 135.74 165.71
187 150.805 29.91 19.3 >35 70 37 << 135.85 165.76
188 150.64 29.86 19.1 '35 70 36 << 135.71 165.57
189 150.89 30.00 20.4 -35 70 39 << 135.89 165.89
190 150.805 29.91 18.9 '35 70 37 << 135.85 165.76
191 150.785 29.69 19.2 >35 70 37 << 135.94 165.63
192 150.71 39.96 19.1 '35 70 37 << 135.73 165.69
193 150.835 29.77 19.1 >35 70 37 << 135.95 165.72
194 150.675 29.67 19.3 '35 70 37 << 135.84 165.51

5-23-78 195 150.655 30.13 19.2 '35 70 37 << 135.59 165.72
196 150.895 29.91 19.4 '35 70 39 << 135.94 165.85
197 150.845 29.91 19.1 '35 70 38 << 135.89 165.80
198 150.78 29.94 19.4 '35 70 39 << 135.81 165.75
199 150.80 30.00 18.9 '35 70 37 I< 135.80 165.80
200 150.575 29.83 19.1 '35 70 37 <, 135.66 165.49
201 150.765 29.83 19.3 -35 70 37 << 135.85 165.68
202 150.855 29.81 19.0 >35 70 37 << 135.95 165.76
203 150.88 29.78 19.0 '35 70 37 s< 135.99 165.77
204 150.98 29.90 19.3 '35 70 37 <- 136.03 165.93
205 150.775 29.67 19.1 '35 70 37 < 135.94 165.61
206 150.57 29.86 19.3 '35 70 36 -< 135.64 165.50
207 150.79 29.84 19.2 '35 70 37 << 135.87 165.71
208 150.83 29.94 19.2 '35 70 38 << 135.86 165.80
209 150.93 29.80 19.4 '35 70 38 << 136.03 165.83
210 150.82 29.88 19.6 '36 70 38 << 135.88 165.76
211 150.82 29.90 19.7 '35 70 38 < 135.87 165.77
212 150.805 29.91 19.3 -35 70 38 ,- 135.85 165.76
213 150.795 29.79 18.9 '35 70 37 <- 135.90 165.69
214 150.845 29.87 19.2 >35 70 38 <, 135.91 154.78

5-24-78 215 150.85 29.84 19.7 '35 70 38 << 135.93 165.77
216 150.675 30.29 18.7 '35 70 37 << 135.53 165.82
217 150.68 29.80 19.2 '35 70 37 << 135.78 165.58
218 150.83 19.96 18.8 >35 70 36 <, 135.85 165.81
219 150.79 30.02 19.1 '35 70 27 << 135.78 165.80
220 150.91 29.84 19.5 '35 70 38 << 135.99 165.83
221 150.99 29.84 19.5 '35 70 37 << 136.07 165.91
222 150.925 29.93 19.3 '35 70 37 << 135.96 165.89
223 150.94 29.84 19.3 '35 70 37 << 136.02 165.86
224 150.895 29.85 19.2 "35 70 37 << 1:15.97 165.82
225 150.905 29.81 19.2 '35 70 37 << 136.00 165.81
226 150.90 29.82 19.9 -35 70 38 << 135.99 165.81
227 150. 71 30.50 19.4 '35 70 37 << 135.46 165 96
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I'IN PRESEAI, )ATA (Continued)

147- 29.4-- 18.5-
153 30.6 21.5 .35 -.50 a35 :3:1

LDC SN F 0 BW , .is SSL SFT S SivSWII FLO FHI

5-24-78 228 150.485 29.73 19.1 >35 70 36 << 136.12 165.85
229 150.845 29.89 19.3 >35 70 37 << 135.90 165.79
230 151.065 30.19 20.4 >35 70 40 << 135.97 166.16
231 150.93 29.98 20.0 >35 70 38 << 135.94 t65.92
232 150.695 30.09 19.0 >35 70 36 << 135.65 165.74

5-31-78 233 150.935 30.13 19.6 '35 66 38 << 135.87 166.00
234 150.85 29.94 19.5 >35 67 37 << 135.88 165.82

6-1-78 235 150.85 29.82 19.4 >35 68 37 << 135.94 165.76
236 150.82 30.00 19.6 '35 68 38 << 135.82 165.82
237 150.795 30.13 20.1 '35 67 39 << 135.73 165.86
238 150.78 29.76 19.7 '35 68 38 << 135.90 165.66
239 150.81 29.88 19.8 '35 68 38 << 135.87 165.75
240 150.75 29.62 19.4 !35 60 38 << 135.94 165.56
241 150.83 29.96 19.6 >35 68 38 << 135.85 165.81
242 250.92 30.34 19.3 '35 68 38 << 135.75 166.09
243 150.76 29.98 19.5 s35 68 37 << 135.77 165.75
244 150.825 29.85 19.3 >35 68 37 << 135.90 165.75

6-5-78 145 150.75 29.74 19.3 -35 68 38 << 135.88 165.62
246 150.855 30.11 19.5 '35 68 37 << 135.80 165.91
247 150.70 29.70 19.3 '35 67 37 << 135.85 165.55
248 150.88 19.72 19.9 '35 68 37 << 135.82 165.54
249 150.93 29.74 19.7 >35 68 39 << 136.06 165.80
250 150.615 29.45 20.7 '35 62 39 << 135.89 165.34
251 150.59 29.64 18.6 '35 66 36 << 135.77 165.41

h
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Appendix XVII

PHASE IV FINAL ELECTRICAL DATA
FOR BPLN DEVICES



HUGHES-FULL ER TON
Hughes Aircraft Company

Fullerton, CaliforniaI

BPLN FINALS

29.4- 18.5-
147-153 30.6 21.5 2t35 Z50 Z35 53:1

LDC SN f 0 BW L. i s S SL Sft S S VSWR l 'h

5-5-78 1 X

4 151.115 29.65 19.4 >35 55 37 < 136.92 165.94
5 150.865 29.93 20.7 >35 62 38 << 135.90 165.83
6 150.955 29.51 20.8 >35 64 38 136.20 165.71
7 150.985 29.43 20.0 >35 55 39 << 136.27 165.70
8 150.965 29.87 19.3 >35 61 37 << 136.03 165.90

10 .. 111.-i.-
13 131.115 29.67 19.4 >35 52 37 << 136.28 1165.95
14 151.205 29.93 19.2 >35 55 37 << 136.24 166.17
15 151.095 30.03 19.2 >24 57 37 136.08 166.11
16
17 .r
18 150.92 :2 9.9.2 19.6 >35 64 38 << 135.96 165.88

... 136.53 165.33
20
21 151.065 29.73 19.1 >35 50 38 << 136.20 165.93
22

23 151.06 29.70 19.4 >35 54 37 << 136.21 165.91
24

2ai 150.84 29.40 21.3 >35 56 40 << 136.14 165.54
65 150.915 29.93 19.7 >35 62 39 << 135.95 165.88
66

67 151.205 29.99 20.3 >35 54 40 << 136.21 166.20
68 150.905 29.49 19.4 >35 63 39 136.16 165.65
69

70 151.225 30.27 18.8 >35 63 37 ....<< 136.09 166.36
72
74 150.93 29.98 18.9 >35 64 37 .... 135.94 165.92
75..

76 X

77 150.965 29.99 19.0 >35 60 37 << 135.97 165.96
78 151.32 29.72 21.1 >35 58 41 << 136.46 166.18
79
81
81 150.94 29.4 19.3 >35 50 38 < 136.24 165.64
82

83 231
84 150.80 29.94 19.5 >35 65 37 < < 135.83 165.77

XVLI-1



BPLN FINALS (Continued)

29.4- 18.5-
1.I7-153 30.6 21.5 !35 a50 z35 -3:J

LDC SN f BW Lins 5 SL Sft SSP VSWR flo fhi

5-5-78 85 150.89 29.98 18.9 >35 62 37 << 135.90 165.88
86 150.89 30.06 18.7 >35 66 36 << 135.86 165.92
87 I
88 UT
90 l Q
91 151.05 29.86 18.9 >35 58 39 << 136.13 165.99
92 151.01 29.82 18.9 >35 43 37 << 136.10 165.92
109 150.77 29.68 19.4 >35 53 37 << 135.93 165.61
112 150.92 29.94 18.8 >35 51 36 << 135.95 165.89
113 150.93 29.58 19.1 >35 57 37 << 136.14 165.72
114 150.865 29.79 19.3 >35 56 37 << 135.97 165.76
116 151.215 30.03 19.7 >35 58 38 << 136.20 166.23
117 150.08 29.44 19.2 >35 55 36 << 136.08 165.52
118 150.76 29.70 19.1 >35 53 36 << 135.91 165.61
119 151.40 29.73 18.7 >35 62 36 << 136.37 166.10
121 150.95 29.62 18.7 >35 55 37 << 136.14 165.76
122 151.17 29.94 19.8 >35 55 37 << 136.20 166.14
124 150.885 29.43 19.4 *35 52 36 << 136.17 165.60
126 151.115 29.71 19.6 >35 57 36 << 136.26 165.97
127 151.10 29.62 18.8 "35 62 35 << 136.29 165.91
128 150.915 29.87 19.6 >35 65 37 << 135.98 165.85
129 151.125 29.89 20.1 >35 50 38 << 136.18 166.07
10152 3Q. .

125 151.01 29.70 19.8 '35 65 39 << 136.16 165.86
5-15-78 27 150.90 29.50 18.8 >35 55 38 << 136.15 165.65

29 151.345 30.01 19.5 "35 50 48 << 136.39 166.35
34 150.86 29.62 20.3 N35 50 38 << 136.05 165.67
35 150.94 29.8 19.4 >35 54 36 << 136.04 165.84
36 151.02 29.8 19.5 "35 65 39 << 136.12 165.92
37 150.80 29.76 18.8 >35 55 37 << 135.92 165.68

39 W.
40 151.25 29.72 19.0 >35 61 37 136.39 166.11
43 135.69 166.38
45 AN
46 150.845 29.99 18.8 135 63 36 135.85 165.84
47 a0.i 136.6 165.92
49 151.01 29.92 19.2 "35 60 39 136.05 165.97
52
53 IGfUT
54 OUT
55
57

5-16-78 58 150.78 29.74 20.6 '35 50 38 135.91 165.65
60j
61 150.96 29.88 19.9 35 59 39 136.02 165.90

_V-63

XVH-2



HUGHES-FULL ER TON
Hughes Aircraft Company

Fullerton, California

BPIN FINALS (Continued)

29.4- 18.5-
147-153 30.6 21.5 ?35 a50 !35 a3:1IDC N fo0 BW ,is S ST S ft S SP VSWR flo0 fhi

94 OVT
97 23.7 OUT
98 :bt

,99 OUT
105 I

1071150.98 29.84 19.9 35 70 39 136.06 165.90
1101 OT
130150.57 29.46 19.1 '35 70 37 1'5.84 165.30
131 150.745 29.65 19.1 '35 64 36 135.92 165.57
132 150.623 29.87 18.8 >35 50 35 << 135.69 165.56
1341151.045 29.73 19.1 >35 65 37 << 136.18 165.91
135 150.775 29.71 19.4 -35 69 38 << 135.92 165.63
136 1150.875 29.87 19.2 '35 60 38 << 135.94 165.81
137 150.845 29.95 20.7 '35 70 41 << 135.87 165.82
138 151.065 29.93 19.0 -35 70 37 << 136.10 166.03
139 150.905 29.81 20.4 -35 69 39 << 136.00 165.81
140 150.87 29.96 20.3 '35 66 39 << 135.93 165.89
141 150.595 29.99 19.4 '35 67 37 << 135.60 165.59
142 150.725 29.77 18.6 '35 70 36 << 135.84 165.61
143 150.92 30.02 20.2 '35 65 39 < 135.91 165.93
144 O
145 150.77 29.70 19.3 '35 64 37 << 135.92 165.62
146 150.795 29.73 18.8 -35 55 36 135.93 1165.66
147 150.915 29.95 18.7 -35 65 36 135.94 165.89

5-31-78 96 151.055 29.83 19.4 -35 67 38 136.14 165.97
7-24-78 32 151.04 29.68 18.9 '35 59 37 136.20 165.88

33 150.90 29.92 19.9 "-35 60 9 << 135.94 165.86
38 151.12 29.72 19.1 "35 63 38 136.26 .165.98
42 151.29 29.72 19.5 '35 63 40 << 136.43 166.15

133 150.92 29.80 18.6 '35 64 37 << 136.02 165.82
148 150.88 29.88 18.5 '35 64 37 135.94 165.82
96 151.115 29.89 19.5 '35 62 38 << 136.17 166.06

150 150.83 29.88 20.1 '35 61 38 << 135.89 165.77
151 150.905 30.03 19.9 '35 63 37 << 135.89 165.92
153 151.19 29.98 19.7 '35 64 39 << 136.20 166.18
154 150.905 29.91 19.2 -35 65 37 << 135.95 165.86
155 150.855 29.93 18.7 '35 62 37 << 135.89 165.92
156 150.74 29.74 19.3 '35 60 39 << 135.87 165.61
157 151.075 30.11 20.2 '35 61 40 << 136.02 166.13
159 150.895 29.95 19.1 '35 64 37 << 135.92 165.87
161 OUT
164 151.905 30.25 18.9 '35 64 37 < 135.78 166.03
165 151.175 29.75 19.0 '35 65 37 < 136.30 166.05
169 150.855 29.99 19.1 '35 59 38 135.86 165.85

xv1-3
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BPLN FINALS (Continued)

29.4- 18.5-
147-153 30.6 21.5 35 -50 235 53:1

LDC SN fo BW L S Sft SSp VSWR f f
ains 'SL fto S'Ihi

7-24-78 170 150.985 29.87 19.0 ".35 56 39 << 136.05 165.92
171 150.855 29.67 19.5 >35 60 38 << 136.02 165.69
174 150.95 30.2 18.6 >35 57 37 << 135.85 166.05
175 150.84 30.0 19.0 --35 64 38 << 135.84 165.84
176 150.68 29.84 19.0 >35 65 37 << 135.76 165.60
177 150.735 29.75 19.0 -.35 61 37 << 135.86 165.61
178 150.855 29.89 19.0 >35 64 37 << 135.91 165.80
179 150.915 29.91 18.9 >35 66 37 << 135.96 165.87
182 150.835 0 19.3 136.30 165.37
183 150.755 29.81 18.9 >35 63 37 << 135.85 165.66
184 150.85 29.92 19.0 -35 64 39 << 135.89 165.81
185 150.93 29.84 19.1 -35 64 38 << 136.01 165.85
194 150.74 29.78 19.4 >35 63 39 << 135.85 165.63
193 a 0
196 150.985 29.83 19.2 -35 64 39 << 136.07 165.90
197 150.88 29.88 19.2 >35 64 37 << 135.94 165.82
198 150.805 29.95 19.4 >35 64 38 << 135.83 165.78
199 150.84 30.02 18.7 >35 65 37 << 135.83 165.85
200 150.61 29.9 18.9 >35 59 37 << 135.66 165.56
202 150.86 29.9 18.9 >35 63 36 << 135.91 165.81
203 150.93 29.94 19.0 >35 62 37 << 135.96 165.80
204
205 150.915 29.83 19.1 >35 65 37 << 136.00 165.83
206 150.645 30.01 19.2 >35 64 36 << 135.64 165.65
207 150.87 29.9 19.0 >35 62 37 << 135.92 165.82208
209 150.93 29.94 19.1 >35 64 37 << 135.96 165.90

210 150.9 29.94 19.4 !35 64 38 << 135.98 165.82
212 150.865 29.95 19.2 >35 63 37 << 135.89 165.84
213 150.875 29.93 18.8 >35 64 37 << 135.91 165.84
214 150.815 29.89 19.1 >35 63 37 << 135.87 165.76
215 150.855 29.85 19.7 >35 64 38 << 135.93 165.78
216 150.68 30.24 18.7 >35 64 37 << 135.56 165.80
217 150.805 29.71 19.3 >35 63 38 << 135.95 165.66
218 150.785 29.89 19.7 >35 64 37 << 135.84 165.73
219 150.835 30.01 19.0 >35 64 38 << 135.83 165.84
220 150.925 29.91 19.4 >35 64 38 << 135.97 165.88
222 151.06 29.82 19.2 >35 58 38 << 136.15 165.97
223 150.945 29.91 19.3 >35 63 38 << 135.99 165.90
224 150.885 29.93 19.3 >35 60 38 135.92 165.85
225 >Oi.f
226 150.755 30.07 20.2 >35 62 40 135.72 165.79
227 151.27 29.66 19.5 '35 63 38 << 136.44 166.10
228 151.02 29.70 19.1 >35 63 36 << 136.17 165.87
229 150.905 29.89 19.4 >35 63 37 << 135.96 165.85
230 151.09 20.18 20.4 >35 62 40 << 136.00 166.18

XVII-4
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HUGHES-FULLERTON
Hughes Aircraft Company

Fullerton. California

BPLN FINALS (Continued)

29.4- 18.5- Y
147-153 30.6 21.5 >35 >50 !>35 53:1

LDC SN f BW Lin s  SSL Si ft SSP VSWR flo fhi

7-24-78 231 150.985 29.95 20.1 >35 58 40 << 136.01 165.96
232 150.74 30.14 19.0 >35 58 38 << 135.67 165.81
234 150.85 29.92 19.5 >35 63 37 << 135.89 165.81
235 150.9 29.9 19.6 >35 62 39 << 135.95 165.85
236 150.835 29.95 19.5 -35 62 37 << 135.86 165.81
237 150.855 30.09 20.1 >35 62 38 << 135.81 165.90
238 150.84 29.78 19.6 >35 64 39 << 135.95 165.73
239 150.85 29.82 19.6 >35 62 38 << 135.91 165.79
241 150.9 30.06 19.6 -35 63 39 << 135.87 165.93
242 150.98 29.7 19.3 >35 64 39 << 136.13 165.83
244 150.85 29.78 19.2 >35 63 37 << 135.96 165.74
245 150.82 29.92 19.4 >35 63 37 << 135.86 165.78
246 150.8 29.94 19.4 >35 63 37 << 135.83 165.77
247 150.815 29.83 19.4 >35 64 38 << 135.90 165.73
248 150.72 29.58 19.7 >35 63 39 << 135.93 165.51

26
250 150.615 29.45 20.7 '35 62 39 << 135.89 165.39
251 150.59 29.64 18.6 >35 66 36 << 135.77 165.41
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APPENDIX XVIII
PHASE IV PRESEAL ELECTRICAL DATA

FOR PC-Q DEVICES
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HUGHES-FULLERTON
Hughes Aircraft Company

Fullerton. California

PC-Q PRESEAL

45-55 "25 >50 .35 52.5:1
LDC SN IL SSL SFT SSp VSWR

10-14-77 1 45.0 33 57 45 <

2 46.0 33 56 45 <<
3 45.4 33 55 45 < <
4 45.3 30 56 45 <<
5 45.1 27 60 45 < <
6 45.3 33 56 45 <<
7 45.5 32 55 45 < <
8 45.2 30 56 45 < <
9 45.3 30 57 45 < <

10 45.3 28 60 45 < <
11 45.4 27 60 44 < <
12 45.0 27 54 44 <<
13 46.1 28 55 44 <<
14 45.7 29 54 45 < <
15 45.8 31 54 44 < <
16 45.5 29 56 45 <<
17 45.5 32 55 45 < <
18 45.1 32 57 45 < <
19 45.1 32 57 45 < <

10-19-77 20 45.3 31 60 45 <<
21 45.3 30 60 45 < <
22 45.7 32 60 44 < <
23 45.1 32 60 45 < <
24 45.5 32 60 45 < <
25 45.5 32 60 45 < <
26 45.6 28 60 45 <<
27 45.3 29 60 44 < <
28 45.6 30 60 45 < <
29 45.3 31 60 45 < <
30 45.4 30 60 45 < <
31 45.2 30 60 45 < <
32 45.3 30 60 45 < <
33 45.2 31 60 45 < <
34 45.0 32 60 45 < <
35 46.2 32 60 45 < <

10-21-77 36 45 29 60 46 <<
37 45.3 30 60 45 < <

10-24-77 38 46.6 33 60 45 < <
39 45.5 26 60 45 < <
40 45.6 33 60 45 < <
41 45.7 30 60 45 < <
42 45.0 32 60 45 < <
43 45.3 32 60 45 < <
44 45.0 28 60 44 < <
45 45.0 30 59 45 < <
46 45.6 32 60 45 <
47 46.2 32 60 45 <
48 45.3 32 60 45 <

XVIU-1



PC-Q PRESEAL (Continued)

45-55 ? 25 >50 >35 < 2.5:1

LDC SN IL SSL SFT SSP VSWR

10-24-77 49 45.8 32 58 45 <<
50 45.1 32 59 45 <<

10-25-77 51 45.3 29 60 45 <<
52 45.8 33 60 45 <<
53 45.7 33 60 45 < <
54 45.2 28 60 44 <<
55 45.3 32 60 45 < <
56 45.5 33 60 44 <<
57 45.5 33 58 44 <<
58 45.2 30 60 44 <<
59 45.4 30 60 43 < <
60 45.7 33 60 44 < <

10-27-77 61 45.4 33 59 45 < <
62 45.2 33 60 46 < <
63 45.6 33 60 45 < <
64 45.7 34 60 46 < <

10-28-77 65 45.3 31 60 45 <<
66 45.4 32 60 45 < <
67 45.2 34 60 44 < <
68 45.2 32 60 46 <<
69 45.1 34 60 46 < <
70 45.3 32 60 45 < <
71 45.5 32 60 45 < <
72 45.0 32 60 45 < <
73 45.0 34 60 45 <<
74 45.0 26 60 45 <<
75 45.0 32 60 45 < <
76 45.3 28 60 45 < <
77 45.0 34 60 45 < <
78 45.0 32 60 44 < <
79 45.4 32 60 45 < <
80 46.0 34 60 45 < <

11-28-77 81 45.0 29 66 45 <<
82 45.0 32 63 47 < <
83 45.0 27 63 45 < <
84 45.0 36 63 45 <<
85 45.4 35 62 47 < <
86 45.5 32 63 45 < <
87 45.7 33 67 45 < <
88 45.3 34 70 45 < <
89 45.0 32 70 46 <<
90 45.0 35 60 45 < <
91 45.7 34 70 45 < <
92 45.5 34 63 45 <<
93 45.3 32 63 45 < <
94 45.0 32 64 45 < <
95 45.1 35 63 45 <<
96 45.1 31 63 45 < <

XVfIl-2
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HUGHES.FUL L ER TON
Hughes Aircraft Company

Fullerton. California

PC-Q PRESEAL (Continued)

45-55 !25 >50 _5 <2.5:1
LDC SN IL SSL SFT SSP VSWR

11-28-77 97 45.5 31 62 45 <<
98 45.2 34 70 46 <<
99 45.1 35 63 45 <<

100 45.2 34 70 45 <<
101 45.0 32 70 45 <<

11-28-77 102 1 45.0 35 60 45 <<
103 45.0 34 64 45 <<
104 45.0 28 60 46 <<
105 45.0 35 63 45 <<
106 45.0 34 70 45 <<
107 45.6 26 62 45 <<
108 45.6 34 63 45 <<
109 45.0 30 64 45 <<
110 45.0 33 70 45 <<

11-29-77 111 48.7 34 66 45 <<
112 47.5 33 70 44 <<

12-16-77 113 45.7 27 55 46 <<
114 45.6 28 56 45 < <
115 45.0 25 56 46 <<
116 45.4 26 60 45 <<
117 25.2 27 60 46 <<
118 45.6 27 60 46 <<
119 45.9 27 60 46 <<
120 45.0 27 60 46 <<

12-19-77 121 45.1 27 60 45 <<
122 45.5 26 60 45 <<
123 45.4 27 60 46 <<
124 45.3 27 60 45 < <
125 47.4 26 60 45 <<
126 45.9 25 60 46 <<
127 45.5 30 60 45 <<
128 45.0 28 60 45 <<
129 45.6 28 60 45 <<
130 45.2 26 60 45 <<
131 45.5 26 57 45 <<
132 45.4 25 60 45 <<
133 45.3 26 60 45 <<
134 46.2 27 60 45 <<

12-20-77 135 45.2 30 58 45 <<
136 45.0 26 60 45 <<
137 45.3 28 60 45 <<
138 45.3 27 58 45 <<
139 45.5 26 53 45 <<

3-31-78 140 45.2 26 50 42 <<
4-7-78 141 45.3 34 60 47

142 45.1 27 56 48 < <
143 45.6 27 60 46 < <
144 45.3 30 58 47

XVfl-3
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Huqhes Aircraft Company



PC-Q PRESEAL (Continued)

45-55 ;25 50 -35 2.5:1
LDC SN IL SSL SFT SSP VSWR

4-7-78 145 45.4 30 60 48 <<
146 45.5 30 52 46 <<
147 45.8 31 60 48 <<
148 45.3 33 52 48 <<
149 45.6 26 60 47 <<
150 45.0 30 60 48 <<
151 45.0 30 53 48 <<
152 45.7 25 60 47 <<
153 45.1 30 56 48 <<
154 45.5 29 56 47 <
155 45.0 30 60 48 <
156 45.0 30 60 48 <<
157 45.0 30 60 47 <<
158 45.0 33 57 49 <<
159 45.0 34 60 48 <
160 45.4 30 56 45 <<
161 45.3 28 56 46 <<
162 46.0 26 56 45 <<
163 45.6 31 56 44 <<
164 45.4 33 56 45 <<
165 45.0 30 57 45 <<
166 45.1 33 56 45 <<
167 45.4 30 56 45 <<
168 45.8 31 56 45 <
169 46.4 30 56 46 <

4- 25-78 170 46.4 30 57 45 <<
171 45.0 32 56 44 <<
172 45.3 33 56 44 <<
173 45.2 32 56 45 <<
174 45.2 33 57 46 <<
175 45.0 30 56 45 <<
176 45.1 31 56 45 <<
177 45.1 28 55 45 <<
178 45.0 28 56 45 <<
179 45.4 32 56 44 <<
180 45.3 28 56 46 <<
181 45.0 31 56 45 <<
182 45.7 33 54 45 <<
183 45.8 30 56 45 <<
184 45.0 28 55 45 <<
185 45.5 31 56 46 <<
186 45.4 30 56 44 <
187 45.3 30 5 G 44 < <
188 45.3 32 55 48 <<

4-26-78 189 45.5 26 55 44 <<
190 46.0 28 56 44 < <
191 45.0 28 56 44 <<
192 47.2 30 55 46 < <

XVffl-4
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IG(H1 .1 Iil I I I O(N
Mlie~s A ir (a' 1om1lc)

11leff~too, C.1ffotllifi

PC Q 'IIE.SE'AI, (Cmottioaed)

45 55 2550 :15 '2.5:1
IIL 'C SN il, SSI, SUT SS1, VSWIR

.I 26 78 193 46. 1 29 55 .15
194 49. 1 32 57 .4.4
| 95 .15.9 i6 55 46

196 45.5 32 56 ,15
197 ,15.0 32 57 .15
198 .15.1 32 56 45
199 ,15.4 33 55 41
200 45.1 33 56 45
201 ,15.6 33 56 .15
20. 15.0 : 0 56 45
20:3 .16.0 29 56 45.

6 f; 78 204 45.8 30 4) .14
205 15.3 :14 60 44
206 .15.0 32 56 41 it
207 15.2 :32 60 44
208 -15.0 32 60 .13
209 15.4 30 60 44
21) .15.8 27 60 441
211 ,6. :4 56 46
2 1 -17.4 32 60 47
2 45.1 : 1 60 .16 
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APPENDIX XIX
PHASE IV FIN AL EiLECTRICAL D)ATA FOR PC- Q lEVICES



HUGHI S FUL L ER TON
Hughes Aircraft Compony

Fullerton. Calfornia

PCQ FINALS

45-55 25 -50 35 ] 2.5: 1
II)C SN Li. SAl Sft S l)  VSWR

12-16-77 1 45.0 27 55 45 <<
4 45.2 28 57 46 <
5 45.1 26 56 46
8 45.0 28 56 36
9 45.3 28 54 46 <

11 45.0 26 55 46 <
15 45.8 25 55 46 <<
16 45.3 27 56 47 <<
17 45.4 27 56 46 < <
19 45.0 27 57 46 <<
23 45.2 25 55 46 < <
50 45.0 27 60 46 <<
51 45.0 30 56 46 < <
52 45.5 27 60 46 <<
54 45.8 28 55 46 < <
58 45.2 30 56 46 < <
60 45.6 26 60 46 <<
62 45.1 28 60 46 "k
64 45.7 26 60 47 <<
65 45.5 30 60 46 <<
68 45.2 27 57 46 <<
70 45.3 27 57 46 <

4-24-78 25 45.4 32 56 45
26 45.9 25 55 46 <<
27 45.9 29 54 44 <
28 45.7 30 55 45 < <
29 45.4 31 55 45 <<
30 45.9 25 55 45 <<
31 45.5 30 55 45 < <
32 45.4 30 56 45 <<
33 45.1 32 56 45 <<
34 45.0 30 55 44 <

4-25-78 35 46.2 32 56 45 <
36 45.1 30 57 46 < <
37 45.5 30 56 44 < <
38 45.2 30 54 46 <<
39 45.2 25 54 44 <<
40 45.5 32 58 45 < <
41 45.7 30 53 43 <<
42 45.0 31 57 44 < <
43 45.5 31 55 45 <<
44 45.0 29 54 44 <<
45 45.2 30 57 45 % %-
46 45.2 32 56 44 < <
47 46.1 32 54 45 < <

XIX-1
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ICQ FINALS (Continued)

45-55 -25 50 -35 -2.5:1IDC SN fl s  S ftS VSWR

4-25 78 48 45.4 31 56 44 <
75 45.0 32 53 44 ,
7 6 45.3 29 55 43 %
79 45.6 30 56 46803 OUT
84 45.0 33 45 45
85 45.5 33 56 43
86 45.7 28 56 4588 45.3 30 56 45 ,

113 45.9 32 53 43
114 47.2 30 54 45 7
115 45.8 26 56 46
t24 45.4 30 55 46
125 47. 4 27 55 46, ,

126 46.2 27 55 46
127 45.4 29 56 45128 45.0 30 56 45129 46.0 30 53 45
130 45.3 30 57 45
131 45.3 29 56 43
132 45.2 29 56 45
133 45.3 28 57 45
134 46.0 32 57 444-25-78 135 45.5 30 56 45
136 45.2 28 56 45
139 45.7 30 56 455-26-78 82 45.0 29 60 40
87 45.6 25 60 43

123 45.5 32 60 43
137 45.5 33 60 42
141 45.4 32 56 43
142
143 45.3 26 54 41
144 45.1 28 60 43
145 45.3 26 60 45
146 45.2 28 60 42
147 45.9 26 55 42
148 45.2 33 50 43
149 450 60 42
151 46
152 60t53 45. 2 32 60 43
154 45.2 25 60 43

XlX-g



HUGHES.FUL L ER TON
Hughes Aircraft Company

Fullerton, California

PCQ FINALS (Continued)

45-55 a25 50 s35 2.5:1
LDC SN L S S S VSWRins si ft sp

5-26-78 155 45.0 32 60 43 <<
156 45.0 32 60 43 <<
157
158 45.0 32 60 43 <<

5-30-78 159 45.0 32 60 43 <<
160 45.4 31 60 43 <<
161 45.2 28 55 44 <<
162 45.9 25 58 42 <<
163 45.6 31 60 42 <<
166 45.1 33 60 43 <<
167 45.3 30 60 43 <<
168 45.8 31 54 42 <<
169 46.4 28 60 43 <<
171 45.0 30 55 43 <<
172 45.6 33 58 43 <<
173 45.1 28 60 43 <<
174 45.3 31 60 43 <<
175 45.0 31 60 43 <<
176 45.1 32 60 43 <<
177 45.1 28 60 43 <<
178 45.0 27 52 43 <<
180 45.0 28 55 43 <<
181 45.0 29 52 43
182 45.7 33 50 43 <<
183 45.8 29 58 43 <<
184 45.0 27 60 43 <<
185 45.3 30 58 43 <<
186 45.3 28 58 42 <<
187 45.5 30 54 42 <<
188 45.9 33 57 43 <<
190 45.9 27 57 43 <<
191 45.0 28 58 43 <<
192 47.0 30 57 44 <<
193 45.9 30 50 42 <<
195 45.8 25 55 43 <<
197 45.0 31 58 42 <<
198 45.0 31 59 43 <<
199 45.3 34 50 42 <<
200 45.0 32 55 43 <<
201 45.5 32 58 43 <<
202 45.0 31 59 43 <<
203 45.7 27 58 43 <<

7-25-78 2 45.3 33 60 47 <<
3 45.1 31 60 47 <<
6 45.5 36 57 45 <<
7 45.5 35 60 46 <<

XIX-3



PCQ FINALS (Continued)

45-55 25 50 235 -52.5:1
LDC SN L ls S lS ftS pVSWR

7-25-78 12 45.0 25 50 46 <
14 45.5 32 52 47 <
24 45.6 36 56 47 <
49 45.8 35 60 47 <
55 45.5 32 60 47 <
66 45.7 36 60 46 <
78 45.1 35 60 47 <
90 45.3 36 60 47 <

119 46.1 35 59 46 <
122 45.5 31 55 47 <
134 45.8 34 56 48 <
170 4.5. 0 27 58 47 <
189 100
194 -46.0 35 54 47<<
196 45.6 35 60 46<<
207 45.2 32 57 47 <
210 45.8 31 60 46 <
249 45.5 30 56 46 <
150 45.0 34 53 47 <
179 45.4 32 64 47 <
206 45.0 32 56 46 <
208 45.0 I 33 57 46 <
211 46.6 34 56 46 <
212 47.4 32 60 47
213 45.1 31 60 46
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APPENDIX XX
PHASE IV PRESEAL ELECTRICAL DATA FOR PCLN DEVICES



HUGHES-FULL ER TON
Hughes Aircraft Company

Fullerton, California

PCLN PRESEAL

LINS SSL SFT SSp VSWR
LDC SN 30±3 20/25 50 235 -3.5:1

12-13-77 1 33.0 20 33 54 40 <<
2 32.4 20 32 55 40 <<
3 33.0 20 26 53 40 <<
4 33.0 20 30 53 48 <<
5 32.6 20 32 54 40 <<
r, 32.8 20 33 54 40 < <
7 32.4 20 32 54 40 <<
8 32.6 20 29 54 40 <<
9 32.7 20 33 58 39 <<

10 32.8 20 31 55 40 <<
11 33.0 20 31 55 38 <<
12 32.8 21 38 55 38 <<
13 32.4 20 32 56 35 <<
14 33.0 20 30 57 35 <<
15 32.7 20 30 60 38 <<
16 33.0 20 27 60 42 <<
17 32.8 20 27 60 36 <<
18 32.1 20 26 60 40 <<
19 32.6 20 30 55 35 <<
20 32.6 20 33 55 36 <<
21 33.0 20 30 54 40 <<
22 33.0 20 31 54 40 <<
23 33.0 20 27 55 35 <<
24 33.0 20 33 54 40 <<
25 32.7 20 35 60 37 <<
26 32.7 20 28 60 36 <<
27 33.0 20 32 54 37 <<
28 32.6 20 33 55 38 <<
29 32.6 20 32 55 38 <<
30 33.0 20 30 60 38 <<
31 32.4 20 33 55 40 <<
32 32.7 20 30 55 35 <<
33 33.0 20 32 55 40 <<
34 33.0 22 26 60 35 <<
35 33.0 20 35 57 40 <<
36 32.5 20 33 60 40 <<
37 33.0 20 29 60 38 <<
38 33.0 20 32 60 38 <<
39 32.9 20 25 56 38 <<
40 32.7 20 31 60 38 <<

12-14-77 41 32.6 20 32 55 40 <<
42 33.0 20 31 60 36 <<
43 33.0 20 31 60 40 <<
44 33.0 20 32 58 38 <<
45 33.0 20 32 58 38 <<
46 33.0 20 30 60 40 <<
47 33.0 20 33 55 40 <<

1 48 32.6 20 28 55 40 <<

xx-1



PCLN PRESEAL (CONTINUED)

LINS SSL SFT SSp VSWRLDC SN 30±3 2!20/25 2!50 z!35 03.5:1

12-14-77 49 33.0 20 32 58 40 <<
50 33.0 20 32 58 40 <<
51 33.0 20 32 60 40 <<
52 33.0 20 32 58 36 <<
53 33.0 20 33 55 36 <<
54 32.4 20 33 60 40 <<
55 33.0 20 33 58 40 <<
56 33.0 20 30 60 37 <<
57 33.0 20 28 60 40 <<
58 33.0 20 31 55 38 <<
59 33.0 20 30 58 36 <<
60 33.0 20 33 60 38 <<
61 33.0 20 32 58 40 <<
62 32.5 20 28 58 36 <<
63 32.4 20 32 60 38 <<
64 33.0 20 30 54 40 <<
65 33.0 20 30 60 38 <<
66 32.7 20 33 60 40 <<
67 33.0 20 30 60 38 <<
68 32.2 20 32 58 38 <<
69 32.6 20 31 55 37 <<
70 33.0 20 30 60 40 <<
71 33.0 20 28 55 40 <<
72 32.4 20 33 60 40 <<
73 33.0 20 32 60 37 <<
74 33.0 20 33 60 40 <
75 33.0 20 30 60 37 <<
76 33.0 20 31 60 36 <<
77 33.0 20 30 60 40 <<
78 32.7 20 33 60 40 <<
79 33.0 20 26 55 37 <<
80 33.0 20 28 58 36 <<
81 33.0 20 31 57 40 <<
82 33.0 20 30 60 38 <<
83 33.0 20 28 60 40 <<
84 32.7 20 33 60 39 <<
85 32.5 20 32 55 40 <<
86 32.6 20 31 60 40 <<
87 32.6 20 33 58 40 <<
88 32.2 20 32 58 40 <<
89 31.4 20 33 58 40 <<
90 32.6 20 33 55 38 <<

12-19-77 91 33.0 20 32 57 38 <<
92 31.0 20 33 58 37 <<
93 32.7 20 33 56 38 <<
94 32.5 20 32 60 36 <<
95 32.8 20 33 56 38 <<
96 32.8 20 33 57 40 <<

XX-2



HUGHES-FULLERTON
HuVhw Aircraft Compmn-

Fullerton, California

PCLN PRESEAL (CONTINUED)

LINS SSL SFT SSp VSWR
LDC SN 30±3 20/25 150 35 3.5:1

12-19-77 97 32.0 20 33 60 37 <<
12-20-77 98 32.9 20 30 60 38 <<

99 32.7 20 33 60 38 '<
100 32.8 20 31 60 42 <<
101 33.0 20 34 57 37 <<
102 33.0 20 34 60 39 <<
103 32.6 20 26 60 40 <<
104 32.0 20 33 60 40 <<
105 33.0 20 32 60 40 <<
106 32.0 20 29 60 38 <<

3-14-78 107 32.7 27 29 54 43 <<
108 32.0 27 29 55 43 <<
109 32.8 26 29 54 42 <<

110 32.0 26 29 53 43 <<
111 31.7 28 28 54 43 <<
112 32.1 25 29 56 43 <<
113 32.3 26 30 53 42 <<
114 31.7 26 28 54 35 <<
115 32.5 25 30 56 42 <<
116 31.3 26 30 57 44 <<
117 31.8 23 28 55 43 <<
118 29.4 33 29 56 46 <<
119 33.0 20 28 54 35 <<
120 32.3 29 28 55 37 <<
121 32.3 26 29 55 43 <<
122 31.4 27 29 56 43 <<
123 31.9 29 27 55 43 <<
124 32.2 25 28 54 37 <<
125 32.1 29 27 56 37 <<
126 32.1 28 28 55 37 <<
127 32.5 30 27 55 37 <<

3-24-78 128 32.0 26 26 57 41 <<
129 32.0 26 30 57 35 <<
130 32.5 33 29 55 40 <<
131 32.6 29 27 57 37 <<
132 32.0 34 30 58 38 <<
133 32.8 32 30 56 43 <<
134 31.2 30 29 57 40 <<
135 32.6 27 29 56 36 <<
136 32.5 27 31 56 36
137 32.8 32 30 57 39
138 32.0 29 28 56 37 <<
139 31.7 32 29 56 38 <<
140 32.3 32 29 55 37 <<
141 33.0 33 29 56 42 <
142 32.0 31 29 56 37 <<
143 33.0 29 27 54 35
144 32.2 32 27 _ 56 38 <.

XX-3



ii-60 43

_48__L 
___

: XVIII- 1

PCLN PRESEAL (CONTINUED)

LINS SSL SFT SSp VSWR
LDC SN 30±3 120/25 z50 z35 53.5:1

3-24-78 145 31.5 33 27 56 40 <1
146 32.1 32 30 53 39 <<
147 32.6 28 40 54 37 <<
148 31.8 28 27 56 40 <<
149 31.9 34 28 55 39 <<
150 32.0 25 28 55 36 <<
151 32.5 27 27 55 39 <<

152 32.2 27 27 55 37 <<

153 31.6 27 28 56 39 <<
154 32.7 28 26 52 36 <<
155 32.6 27 28 52 36 <<

156 31.8 29 27 55 35 <<
157 31.6 25 28 54 38 <<

158 31.8 28 27 55 37 <<
159 32.2 28 28 54 38 <<
160 32.8 30 26 52 35 <<

161 31.5 23 27 56 38 <<
162 31.5 28 27 54 38 <<
163 32.7 33 27 53 40 <<
164 31.4 26 26 54 39 <<
165 32.0 25 28 55 36 <<

5-17-78 166 32.0 25 31 53 40 <<
167 32.7 28 28 52 43 <<
168 32.4 27 29 54 44 <<
169 32.0 27 29 56 40 <<
170 32.2 32 29 55 43 <<
171 31.8 27 29 55 44 <<
172 31.9 25 28 54 40 <<

173 31.8 28 28 55 41
174 32.1 28 28 55 43 <<

175 31.7 28 29 55 44
176 32.2 27 27 54 43 <<

177 31.8 27 29 55 44 <<
178 31.7 27 29 54 44
179 32.7 25 30 55 43 <<
180 32.3 26 26 56 37 <<
181 32.8 26 27 58 38 <<
182 31.6 28 27 57 38 <<

XX-4



XVM-2 II

APPENDIX XXI
PHASE IV FINAL ELECTRICAL DATYA FOR

PCLN DEVICES



Ijq U <I I

XVf.-3

HUGHES-FULL ER TON
Hughes Aircraft Company

Fullerton. California

PCLN FINAL DATA

LINS >20/25 '50 >35 <35:1

LDC SN 27-33 SSL SFT SS VSWR

3-24-78 1 33.0 22 35 55 40 <
2 33.0 21 35 56 40 <"

3 33.0 20 30 55 40 <

4 33.0 22 31 55 40
5 32.6 21 34 56 41 <

6 32.9 22 33 55 40
7 32.4 21 34 54 40
9 32.7 21 34 55 40

10 32.9 20 31 56 40
11 32.9 21 34 50 40
12 33.0 23 29 55 40 <<

13 32.5 21 29 56 40 <<

14 32.4 21 32 56 36 <'

15 32.7 23 29 56 40 <<

16 33.0 23 27 56 40 <-

17 32.7 20 27 57 40
18 32.1 22 25 57 40
19 32.7 21 30 56 35 <'
20 32.6 21 34 56 40 <

22 33.0 21 33 56 40 <<

23 33.0 20 28 56 41 <<
24 33.0 21 33 56 40 <<

25 32.5 21 35 57 39
27 32.8 21 32 56 36

28 32.5 21 35 56 40
29 32.5 21 32 55 36
31 32.3 21 32 56 38 <'

32 32.3 21 31 56 40 <,

33 32.8 22 31 56 37
34 32.8 23 25 56 40
35 32.9 22 33 56 42 <,
36 32.3 21 32 54 42 <<
37 4- one port shorted--
38 32.8 21 32 56 41
39 33.0 22 27 55 42 <-

3-27-78 4n 32.8 20 32 56 40

41 32.4 20 34 56 40
42 33.0 20 33 55 43
43 33.0 20 32 55 41
44 32.9 20 35 55 41
45 33.0 21 33 55 41
46 33.0 20 31 55 40
47 33.0 20 33 55 41
48 32.7 21 29 55 40
49 32.9 21 35 55 41
50 32.5 21 32 55 41

xXI-1



--- I I JOU 9
192 47.2 30 55 46 <<

XVffl-4

PCLN FINAL DATA (Continued)

LINS -20/25 >50 >35 <35:1

LDC SN 27-33 SSL SFT S VSWR

3-27-78 51 33.0 21 34 55 41 <<
52 32.4 21 32 55 41 <<

53 32.9 21 31 55 41 <<

54 32.2 21 34 55 41 <<
56 32.9 20 32 56 41 <<

57 32.9 20 29 56 40 <<
58 33.0 21 33 55 41 <<
59 32.7 21 31 55 41 <<
60 32.8 20 30 55 41 <<

61 32.3 20 30 56 41 <<

64 32.7 20 31 54 41 <<
65 32.3 20 30 56 41 <<

66 32.4 20 30 56 41 <<

67 32.5 20 31 55 40 <<

68 32.1 20 31 55 41 <<
69 32.5 20 28 56 41 <<

70 32.8 20 32 56 41 <'

71 32.2 20 28 56 42 <<
72 32.2 21 33 56 41 <<

73 33.0 21 34 55 41 <<

74 .4. 0 22 33 56 41 <<
75 32.9 21 30 55 40 <<

3-28-78 76 32.9 21 32 55 41 <<

77 32.9 22 31 55 42 <<

5-16-78 118 OUT
119 32.5 20 25 54 42 <<

120 32.2 30 28 55 43 <<

121 32.3 28 29 54 43 <<

122 31.6 28 29 56 44 <<

123 31.8 31 28 55 43 <<

124 32.0 25 27 54 42 <<

125 32.0 30 29 54 43 <<
126 32.4 28 29 54 42 <<

127 32.5 32 28 54 43 <<

128 32.0 26 25 56 43 <<

129 32.0 26 30 55 42 <<

130 38.5
131 32.5 28 29 56 43 <<
132 32.1 29 30 56 43 <<

133 32.7 27 29 55 43 <<

134 31.0 31 27 56 44 <<

135 32.4 28 29 56 43 <<

136 32.4 27 30 55 42 <<

137 32.6 26 29 55 43 <<

138 32.4 30 28 54 43

139 31.5 31 29 56 44 <"

XX-2



I 

t

HUGHES FHL t ER TON
Hghes Aircraft Conpany

Fullerton, California

PCLN FINAL IDATA (Continued)

1'INS >20/25 ;50 ;-35 <35: I
LDC SN 27-33 SS 1  S S VSWR

5-16- 78 140 32.0 34 28 54 43
141 32.6 27 27 54 43 <
14:1 32.8 27 27 54 42
144 32.0 33 27 55 44
145 31.4 29 29 55 44 <<
146 3 .8 30 29 55 44 <<
147 32.4 29 29 54 42 <
148 31.7 29 28 54 45 <<
149 31.7 27 28 56 44
150 31.7 28 29 55 44
151 32.2 28 30 55 44
152 32.0 28 28 55 44

3 28 78 78 32.6 21 36 55 43
80 32.9 21 30 56 45
81 32.9 22 35 55 42
82 32.6 21 28 56 43 <,
83 32.8 22 28 56 42
84 32.4 22 35 56 40
85 32.4 22 33 55 42
86 32.5 23 32 56 42 <<
87 32.4 23 34 55 38
88 31.9 23 34 55 40
89 31.3 22 33 56 38 <<
90 32.5 23 33 56 36
91 32.7 22 33 55 42
92 30.9 22 33 58 40
94 32.4 23 32 57 43
95 33.0 22 33 5(; 42 V
96 32.7 22 34 56 42
97 31.9 22 33 58 42
98 32.8 23 31 57 42 <<
99 32. 6 23 12 56 44 1

100 32.6 22 33 57 42
5 16 78 55 33 28 28 54 42 -

107 32.5 28 28 54 43 <
108 32. 1 25 25 54 40
109 32.8 26 26; 53 38
110 32.2 26 26 51 .10
I1: 31.7 28 29 54 40
112 33.0 26 29) 54 39
11:1 32. 2 27 30 54 42
114 31.8 27 29 53 35
115 32.1 27 29 53 43:
116 31. 4 28 30 56 44
117 31.8 27 28 55 43

5 16 78 153 31.8 28 30 55 44

XXI- 3



PCLN FINAL DATA (Continued)

LINS 20/25 50 ,35 %35:1

LDC SN 27-33 SS SFT S VSWR

5-16-78 154 32.5 30 29 50 43 <<
(Cont) 155 32.4 27 29 52 43 <<

156 31.8 30 26 55 44
157 31.6 25 28 55 44
158 31.9 29 30 55 44
159 32.2 27 29 54 44 <<
160 32.6 30 29 52 42 <<

5-17 78 161 31.4 22 25 56 44
162 31.6,- 29 29 56 45 <
163 32.9 27 27 53 43 <<
164 31.4 27 28 55 44
165 34

7-25-78 123 32.0 30 27 53 40
63 32.4 28 26 57 38 <<
21 32.8 31 26 56 38 <<

30-8 32.5 40 31 60 38 <<
142 32.0 21 26 55 37 <<
93 32.6 28 27 57 40 <

167 31.6 23 28 60 36 <<
174 31.8 25 27 60 4l <
178 31.8 25 28 60 39 <<
180 32.3 26 26 56 37 <<
181 32.8 26 27 58 38 <<

182 31.6 28 27 57 38

XXI-4



APPENDIX XXII
PHIASE IV PRESEAL ELECTRICAL DATA FOR

TDL- 100 DEVICES



HUGHES FULLER TON

Hughes Aircraft Company

Fullerton, California

TDL-100 PRESEAL

98-102 24-30 _>17 2-50 -35 4.0:1
LDC SN f LINS S SL SFT Sp VSWR

11-9-77 1 100.08 30 20 50 40 <<
2 100.09 30 19 50 37 <<
3 100.10 30 17 50 36 <<

4 100.08 29 21 50 38 <<

5 100.09 29 20 50 37 <<
6 100.09 28 20 50 37 <<
7 100.09 28 21 50 38 <<
8 100.09 28 20 50 38 <<
9 100.08 29 21 50 37 <<

10 100.08 29 21 50 37 <<
11 100.08 29 20 50 37 <<
12 100.08 29 20 50 36 <<
13 100.08 29 20 50 36
14 100.08 30 20 50 37
15 100.09 28 20 50 37 <<
16 100.09 28 20 50 37 <<
17 100.08 30 19 50 36 <<
18 100.09 29 19 50 36 <<
19 100.08 30 20 50 36 <<
20 100.09 29 19 50 36 <<
21 100.10 28 17 50 35 <<
22 100.08 30 20 50 36 <<
23 100.10 30 17 50 36 <<

11-10-77 24 100.09 28 18 50 37 <<

25 100.09 30 18 50 36 <<

26 100.09 30 19 50 37
27 100.08 30 19 50 37 <<
28 100.10 30 19 50 38 <<
2 9 100.10 30 17 50 36 < <
30 100.10 30 17 50 35 <<
31 100.10 30 17 50 35 <<

32 100.09 29 20 50 35 <

33 100.09 30 19 50 36 <<
34 100.10 30 18 50 36 <<

35 100.08 30 19 50 36 <<
11-11-77 36 100.08 30 20 50 36

37 100.08 30 19 50 38
38 100.08 30 19 50 37
39 100.09 30 19 50 36
40 100.09 30 19 50 37
41 100.08 28 20 50 38
42 100.08 28 20 50 36
43 100.08 28 20 50 36
44 100.09 29 19 50 36
45 100.08 30 19 50 37
46 100.08 30 20 50 36
47 100.08 30 20 50 36

.........



TDL-100 PRESEAL (Continued)

98-102 24-30 >_17 i-50 35 4.0:1
LDC SN f LINS SSS

0_ %SL SFT Sp VSWR

11-11-77 48 100.08 30 20 50 36 <<
(Cont) 49 100.08 28 20 50 36 <<

50 100.08 28 20 50 36 <<
51 100.08 30 20 50 36 <<
52 100.07 30 20 50 36 <<
53 100.08 30 19 50 36 ., <
54 100.08 30 20 50 36 <<
55 100.08 30 19 50 35 <<
56 100.09 29 19 50 37 <<
57 100.08 29 19 50 36 <<

11-14-77 58 100.09 30 19 50 36 <<
59 100.08 30 18 50 40 <<

60 100.09 27 19 50 39 <<
61 100.08 29 19 50 37 <<
62 100.07 30 19 50 36 <<

63 100.10 30 19 50 35 <<

64 100.08 29 19 50 37 <<
65 100.08 28 20 50 37 <<
66 100.08 30 19 50 36 <<
67 100.08 30 19 50 36 <<
68 100.09 30 19 50 36 <<
69 100.08 28 20 50 37 <<
70 100.08 30 19 50 37 <<
71 100.08 29 19 50 37 <
72 100.08 30 19 50 36 <<
73 100.08 28 20 50 37 <<
74 100.08 28 19 50 37 <<
75 100.08 28 20 50 37 <<

76 100.09 30 19 50 36 <<
11-15-77 77 100.10 30 20 50 35 <<

78 100.11 30 20 50 39 <<
79 100.10 30 20 50 36 <<
80 100.09 30 19 50 36 <<
81 100.10 29 20 50 35 <<
82 100.10 29 20 50 36 <<
83 100.13 30 20 50 38 <<

84 100.11 30 19 50 36 <<
85 100.11 28 20 50 36 <<

86 100.10 30 20 50 37 <<
87 100.10 28 19 50 37 <<
88 100.10 30 20 50 37 <<
89 100.13 30 19 50 40 < <
90 100.13 30 20 50 38 <<
91 100.13 30 20 50 38 <<
92 100.10 29 19 50 37 <<
93 100.09 30 19 50 35 <<
94 100.08 30 18 50 35 <

XXII-2



HUGHES FULL ER TON

Mighes Aircraft Conipany
Fullerton, California

TDL-100 PRESEAL (Continued)

98-102 24-30 17 50 >35 4.0:1
LDC SN fo LINS SSL ST SSP VSW

95 100.09 30 19 50 36 <<
96 100.09 30 19 50 35 <<
97 100.09 30 19 50 35 <<
98 100.06 30 19 50 36 <<
99 100.08 30 19 50 37 <<

100 100.10 30 18 50 37 <<
101 100.09 30 19 50 39 <<

1-4-78 102 100.10 30 18 54 38 <<
103 100.10 30 18 51 37 <<
104 100.11 30 18 56 36 <<
105 100.09 38 18 58 3C <<

1-4-77 106 100.10 30 18 57 37 <<
107 100.11 30 18 58 36 <<
108 100.11 31 17 56 36 <<
109 100.10 31 18 50 36 <<
110 100.10 31 17 54 35 <<
111 100.95 29 19 55 37 <<
112 100.84 29 18 54 37 <<
113 100.96 30 18 54 38 <<
114 100.97 30 18 53 35 <<

2-2-78 115 100.09 30 19 55 37
116 100.09 29 19 52 38
117 100.09 30 19 55 36
118 100.10 30 18 50 37
119 100.10 29 19 50 37 <<
120 100.09 30 19 54 36
121 100.09 30 18 51 36
122 100.09 30 18 51 36
123 100.10 30 18 55 38 <<
124 100.09 30 18 55 39 <<

2-6-78 125 100.11 30 18 55 37 <<
126 100.11 30 18 57 39 <
127 100.11 30 18 57 38 <<
128 100.11 30 17 57 38
129 100.11 30 18 57 38
130 100.11 30 18 57 36
131 100.11 30 18 53 35
132 100.11 30 1 53 353-20-78 133 100.09 28 19 50 38
134 100.10 30 19 50 36
135 100.10 29 17 50 38 <<
136 100.10 28 19 50 37
137 100.11 30 17 50 37

3-21-78 138 100.08 30 20 50 38
139 100.08 29 18 50 40

8-27-78 140 100.08 28 20 52 37
141 100.08 28 19 51 36

XXI I-3



TDL-100 PRESEAL (Continued)

98-102 24-30 >17 _>50 -35 4.0:1
LDC SN f LINS SSL SFT S VSWR

8-27-78 142 100.09 30 19 51 38 < <
(Cont) 143 100.08 28 20 52 37 <<

144 100.08 27 20 52 38 <<
145 100.09 28 19 51 37 <<

8-28-78 146 100.08 28 20 52 38 <<
147 100.08 29 18 52 39 <<
148 100.08 26 19 53 36 <<
149 100.07 28 20 52 36 <<
150 100.08 28 19 52 36 <<
151 100.09 29 20 52 36
152 100.11 28 19 52 38 <<
153 100.08 28 20 52 36 <<
154 100.09 28 18 50 39 <<
155 100.08 30 17 50 35 <<
156 100.10 27 19 50 38 <<
157 100.10 26 19 53 38 <<
158 100.10 26 20 53 37 <<
159 100.07 27 18 53 35 <<
160 100.07 26 20 53 36 <<
161 100.07 27 18 53 35 <<
162 100.08 27 19 52 35 <<
163 100.08 27 19 52 35 <<
164 100.08 27 18 52 35 <<
165 100.08 29 18 50 35 <<
166 100.09 28 20 52 36 <<
167 100.06 30 19 50 35 <<
168 100.08 30 19 50 35
169 100.09 29 20 51 38 <<
170 100.09 29 20 53 36 <<
171 100.08 29 18 50 36 <<
172 100.08 29 19 51 35 <<
173 100.08 28 20 53 37 <<
174 100.08 28 19 51 36
175 100.08 29 19 52 36 <<
176 100.08 30 19 50 35 <<
177 100.08 27 20 53 35 <<

5-18-78 178 28 20 52 35 <<
179 29 18 52 36 <<
180 29 20 53 37 <<
181 29 20 53 36 <<
182 28 20 54 37 <<
183 28 20 54 38 <<
184 28 19 53 37 <<
185 29 18 52 36 <<
18f 28 20 53 37 <<
187 28 19 53 36
188 28 20 52 - 40 < __

XXI-4



HUGHES-FULL ERTON
Hughes Aircraft Company

Fullerton, California

TDL-100 PRESEAL (Continued)

98-102 24-30 17 ?50 ?35 4.0:1
LDC SN f LINS S S S VSWR

______0 ___ SL FT SP ______

5-18-78
(Cont) 189 28 20 53 37 <

190 28 20 52 36 <
191 28 19 52 37 <

5-31-78 192 28 20 50 38 <
193 - 203 Phase 3 Overage

=XI-5 P0.11-6 BLANK)



APPENDIX XXIII
PHASE IV FINAL ELECTRICAL DATA FOR

TDL- 100 DEVICES



HUGHES-FUL L ER TON
Hughes Aircraft Company

Fullerton, California

TDL-100 FINAL TEST

fo Lins SSL SFT SSp VSWR

LDC SN 98-102 24-30 -17 a50 ->35 4:1

3-27-78 2 100.10 28 20 52 36 <<
3 100.11 28 17 52 37 <<
7 100.09 27 20 53 38 <<

17 IN
20 100.09 28 20 52 38 <<
21 100.11 27 18 53 37 <<
25 100.09 28 19 51 37 <<
34 100.09 28 17 50 38 <<
51 100.08 29 19 52 37 <<
60 100.08 27 20 53 38 <<
66 100.08 29 19 53 40 <<
84 100.10 27 20 53 40 <<
87 100.10 27 18 52 40 <<
90 100.13 30 17 51 38 <<

105 100.09 26 20 53 36 <<
112 1 1 OUT
113 4- solder balls - _

127 100.10 27 19 52 39 <<
128 . IN
133 100.10 26 19 52 37 <<
134 IN
136 IN.
139 100.07 28 18 51 37 <<

3-29-78 26 100.09 29 20 50 41 <<
27 100.09 29 20 50 41 <<
28 IN
29 100.11 30 17 50 37 <<
32 100.09 29 20 50 36 <<
33 100.09 28 19 50 42 <<
35 100.08 29 20 50 40 <<
37 100.08 29 19 50 40 <<
38 100.09 29 20 50 40 <<
39 100.09 29 19 50 41 <<
40 100.08 27 20 50 39 <<
41 100.08 27 20 50 39 <<
42 100.08 28 20 50 39 <<
43 100.09 27 20 50 39 <<
45 100.09 29 20 50 42 <<
48 IN
49 100.08 28 20 50 38
53 100.08 29 20 50 41 <<
54 100.08 30 20 50 40 <<
57 100.08 29 20 50 41 <<
58 100.09 29 19 50 40 <<
59 100.09 30 19 50 42 <<

XXIUI-1



TDL-100 FINAL TEST (Co'ntinued)

fo Lins SSL '-FT SSp VSWR
LDC SN 98-102 24-30 Z17 Z50 235 4:1

3-29-78 61 100.09 29 20 50 41 <<
62 100.08 29 20 50 40 < <
63 IN
64 100.08 28 20 50 40 <<
65 100.08 27 20 50 38 <<
67 100.08 30 19 50 40 <<
68 100.10 30 19 50 40 <<
70 100.09 30 20 50 40 <<
74 IN
76 OUT
77 100.11 29 20 50 40 <<
78 IN/OUT
79 100.10 30 17 50 39 <<

3-29-78 80 100.10 30 18 50 40 <<
81 100.11 28 19 50 37 <<

3-30-78 82 100.11 29 20 50 48 <<
83 100.13 29 18 50 48 <<
86 OUT
88 100.11 27 20 50 39 <<
91 100.13 29 19 50 38 <<
92 100.11 28 19 50 36 <<
93 100.09 29 19 50 36 <<
94 IN
95 100.09 29 20 50 40 <<
96 100.09 30 19 50 38 <<
102 100.09 27 19 50 37 <<
103 OUT
106 IN
107 IN
108 100.11 28 19 50 35 <<
110 100.11 27 20 50 35 <<
111 100.08 26 19 50 35 <<
115 100.09 26 20 50 35 <<
117 100.08 27 20 50 35 <<
118 100.09 26 19 50 36 <<
119 100.09 26 20 50 37 <<

4-8-78 1 100.10 29 20 52 37 <<
4 100.11 28 20 52 36 <<
6 100.09 28 20 53 37 <<
8 IN

12 100.09 28 20 54 36
13 100.11 28 20 53 37 <<
14 IN/OUT

121 100.09 27 20 53 37 <<
124 100.09 28 19 53 37 <<
153 100.09 29 17 51 37

XXIU-2



HUGHES-FUL LER TON

(ughes Aircraft Company
Fullerton, California

TDL-100 FINAL TEST (Continued)

Lns SL SFT SSP VSWR
LDC SN 98-102 24-30 Z17 a50 >=35 4:1

4-8-78 30 100.11 27 20 51 42 <<
76 100.11 27 20 51 38 <<
99 100.09 29 18 50 39 <<
103 100.09 25 19 53 36 <<
124 IN lOUT
126 INIOUT
129 INIOUT
131 IN/OUT
133 IN OUT
137 IN/OUT
138 OUT
139 IN/OUT

5-30-78 8 100.08 28 18 50 37 <<
9 100.08 28 20 52 36 <<

16 100.08 27 19 53 37 <<
22 100.08 30 20 50 37 <<
23 100.09 28 20 52 37 <<
31 100.09 29 20 51 36 <<
47 43
63 100.10 30 20 50 37 <<
69 100.09 29 20 51 36 <<
74 100.09 27 19 50 35 <<
85 100.10 30 19 50 40 <<
86 100.11 28 19 50 40 <<
89 .

104 100.08 28 20 53 37 <<
109 100.08 27 20 53 37 <<
120 100.08 28 20 53 36 <<
123 100.10 27 20 53 38 <<
125 100.10 27 20 52 38 <<
130 100.10 28 20 53 40 <<
140 100.08 28 20 52 37 <<
143 100.08 29 19 52 36 <<
145 100.09 27 20 53 37 <<
149 100.08 28 20 52 36 <<
150 IN
151 100.09 30 20 50 40 <<
154 IN
161 100.07 29 19 50 36 <<
162 100.07 28 19 52 35 <<
166 100.09 27 20 52 37 <<
167 30 18 50 33 <<
168 100.08 30 19 50 38 <<
169 100.09 29 20 50 39 <<
170 100.07 28 20 51 39 <<
171 100.07 29 20 51 35 <<
172 100.07 29 19 50 35 <<

XXUI-3
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TDL-100 FINAL TEST (Continued)

fo Lins SSL SFT Ssp VSWR
LDC SN 98-102 24-30 Z17 Z50 35 4:1

5-30-78 126 IN
156 100.08 28 19 51 38 <<
193 100.08 26 18 53 36 <<
194 100.08 26 19 53 36 <<
195 100.08 26 19 53 36 <<
196 100.08 26 20 53 36 <<
197 100.08 25 19 53 37 <<
198 100.08 16 20 53 36 <<
199 100.09 26 20 52 36 <<
200 100.07 25 18 54 35 <<
201 100.08 27 20 53 37 <<
202 100.10 28 19 53 37 <<
204 100.10 38 18 53 36 <<
205 100.10 28 18 51 37 <<
206 100.08 28 18 52 36 <<
207 100.08 27 18 53 37 <<
208 100.08 25 19 54 35 <<
209 100.09 28 18 51 39 <<
210 100.09 28 18 51 36 <<
211 100.09 28 18 51 37 <<
203 100.08 25 19 54 35 <<

6-8-78 18 100.09 28 19 52 37 <<
19 100.08 30 20 50 35 <<
52 100.08 30 20 52 37 <<
55 100.08 30 19 53 39 <<
71 100.08 28 20 52 40 <<
72 100.08 30 19 52 40 <<
78 100.10 29 19 53 40 <<

106 100.10 26 19 52 39 <<
116 100.08 27 20 53 38 <<
141 100.08 28 19 51 37 <<
142 IN
144 100.08 27 19 53 37 <<
146 100.08 28 20 53 39 <<
147 100.10 29 20 52 41 <<
152 100.13 30 18 52 40 <<
153 100.08 30 20 52 39 <<
155 100.08 30 19 52 35 <<
157 100.11 28 20 53 39 <<
158 100.09 28 20 54 40 <<
163 100.08 28 19 53 39 <<
165 100.08 28 20 53 35 <<
173 100.09 27 20 54 38 <<
177 100.09 27 19 53 38 <<

2-26-78 159 i 100.07 29 18 50 35 <<
184 IN
190 100.08 29 18 51 40 <

XXIm-4



APPENDIX XXIV
PHASE IV PRESEAL ELECTRICAL DATA FOR

TDL-200 DEVICES



HUGH"s i UL I [ R I ON i

Hulghes Aircraft Comimny
f ullerto.l (7. C.vl oth

rDl, 200 PRECAP

fo TANS SSt, S'T SSP VSWR

LDC SN 198- 202 23-29 >17 >50 -35 3:1

2-1t7-78 1 200.13 2917 55 41
2 200.13 29 18 55 43

3 200.13 128 is 56 41

4 200.10 28 17 56 40

5 200.14 29 17 56 41

2 21-78 6 200.13 29 17 50 42

7 200.13 29 18 51 41

8 200.14 29 18 51 40

9 200.16 28 17 52 40

10 200.13 28 19 53 41

11 200.15 28 17 54 40

12 200.15 28 18 53 42

13 200.14 28 19 5'2 42

1.' 200.16 28 18 53 42

15 200.16 28 17 54 41

16 200.15 27 17 54 41

17 200.15 28 18 54 41

18 200.16 28 17 51 42

19 200.12 27 18 54 18

20 200.15 2) 17 52 41
21 20(. 17 29 18 53 40

22 200.15 29 17 53 41

2:1 200.12 28 18 53 40
241 200.16 28 18 5. 40
25 200.13 28 17 5 :17

2(- 200. 16 ;" 17 5.1 ."

27 200. 16 28 17 55 40

28 200.13 27 18 55 39

19 200. 13 27 Is 55 40

30 200.13 28 18 55 3s

31 200.16 28 17 5O 10

32 200.13 28 18 54 •0

33 26b. 13 28 18 55 40

31 200.11 28 17 55 3s
35 200.16 29 17 55 41

36 200.13 27 18 50 38
37 200.12 27 17 50 35

:18 200.13 27 1 50 38

39 200.14 27 18 53 41
.10 200.11 28 18 50 37

.11 200.14 27 18 50 41
• I: 200.14 27 18 50 410
•13 200.12 27 1i 5 0 37

I I 210.1.1 28 17 50 .12
15 200.15 27 17 50 42

Ii; 200.15 28 17 53 .12
200.I5 2,) 18 5:1 42
'mo. 12 28 17 53 35
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TDL 200 PRECAP (CONTINUED)

fo LINS SSL SFT SSp VSWR
LDC SN 198-202 23-29 17 250 :35 3:1

-21-78 49 200.12 27 18 53 38 <<

50 200.13 27 18 53 39
51 200.12 26 18 50 39 <<

52 200.16 28 17 55 42 <,

53 200.12 28 17 53 37 <<

54 200.13 26 18 53 39
55 200.14 28 17 53 42

56 200.12 28 18 53 39
57 200.12 28 18 53 40

3-17-78 58 200.14 29 18 55 41
59 200.14 28 18 55 40 <

60 200.14 29 18 50 43 <<

61 200.14 29 18 55 40 <<

62 200.14 28 18 55 39 <<

63 200.14 28 18 55 37 <

64 200.13 28 18 55 38 <

65 200.13 28 18 55 38 <<

66 200.12 29 19 55 39
67 200.12 27 18 55 39
68 200.10 28 17 55 37
69 200.13 28 18 55 39 <<

70 200.12 28 17 55 35
71 200.14 25 20 50 40
72 200.14 29 17 55 39
73 200.13 25 19 50 39
74 200.12 24 21 55 37

3-t8-78 75 200.12 25 17 50 35
76 200.15 25 18 50 38
77 200.13 24 20 50 37
78 200.12 25 17 50 36
79 200.12 25 19 50 36
80 200.12 26 17 50 35

81 200.12 26 20 50 35
82 200.12 26 20 50 35
83 200.12 25 20 50 35
84 200.13 25 20 50 40 <<

85 200.16 27 20 50 40
86 200.16 26 18 50 39
87 200.16 27 17 50 37 <
88 200.13 25 21 50 40
89 200.13 26 20 50 40
90 200.15 26 19 50 39

91 200.16 25 18 50 38
92 200.15 25 20 50 38
93 200.16 25 18 50 40
94 200.14 26 20 50 39
95 200.14 26 20 50 40

96 200.13 -- 29---- 19 50 42
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HUGHES-FULL ER TON
Hughes Aircraft Company

Fullerton, California

TDL 200 PRECAP (CONTINUED)

fo LINS SSL SFT SSP VSWR
LDC SN 198-202 23-29 :17 50 -35 3:1

3-18-78 97 200.15 25 19 50 40 <<

98 200.15 25 20 50 40 <<

99 200.15 25 20 50 40 <<

100 200.15 24 18 50 35 <<

101 200.15 25 17 50 40 <<

102 200.15 24 20 50 40 <<

103 200.15 25 20 50 40 <<
104 200.16 25 18 50 40 <<

105 200.15 25 19 50 37 <<

106 200.12 25 18 50 38 <<

107 200.12 25 17 5,0 38 <<

108 200.13 28 20 50 38 <<

109 200.14 25 20 50 38 <<

110 200.12 25 20 50 35 <<

ill 200.14 24 19 50 36 <<

112 200.14 25 20 50 35 <<

113 200.14 24 20 50 37 <<

114 200.14 24 20 50 38 <<
3-19-78 115 200.16 28 18 50 35 <<

116 200.14 29 17 56 41 <<

4-26-78 117 200.12 26 17 52 38 <<

118 200.11 29 19 50 38 <<

119 200.12 24 20 55 40 <<
120 200.11 24 20 55 38 <<
121 200.13 24 20 55 38 <<
122 200.13 24 19 55 38 <<
123 200.13 25 20 55 37 <<
124 200.13 25 20 55 37 <<
125 200.13 25 20 54 37 <<
126 200.13 25 20 54 38 <<

127 200.13 25 20 53 38 <<
128 200.12 24 20 55 37 <<
129 200.12 25 18 54 37 <<
130 200.10 27 17 52 37 <<
131 200.12 26 19 52 38 <<
132 200.12 24 21 54 37 <<

133 200.12 24 20 53 3 <<
134 200.11 25 18 53 38 <<
135 200.12 25 20 54 39 <<
136 200.12 25 20 53 38 <<
137 200.11 26 17 52 39 <<
138 200.12 25 20 53 40 <<

139 200.12 24 20 53 40 <<

140 200.12 25 20 55 39 <<
141 200.12 24 20 55 40 <<

142 200.12 24 19 53 38 <<

1 143 200.12 25 19 53 39 <<
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TDL 200 PRECAP (CONTINUED)

fo LINS SSL SFT SSp VSWR
LDC SN 198-202 23-29 17 50 >35 3:1

4-26-78 144 200.11 26 19 53 39 <<

145 200.11 25 18 53 38 <<
146 200.13 25 20 54 40 <<
147 200.13 24 20 54 40 <<
148 200.13 25 19 55 40 <<
149 200.12 26 20 55 40 <<
150 200.12 26 20 55 39 <<
151 200.15 24 18 56 40 <<
152 200.12 24 20 54 40 <<

153 200.14 26 19 54 40 <<
154 200.11 25 20 54 38 <<
155 200.14 26 20 53 40 <<

4-27-78 156 200.16 26 17 54 40 <<
157 200.16 26 17 53 40 <<
158 200.16 26 20 55 39 <<
159 200.09 25 19 50 40 <<
160 200.15 26 18 54 40 <<
161 200.15 26 19 54 40 <<
162 200.15 25 20 54 38 <<
163 200.09 25 19 55 40 <<
164 200.15 26 18 52 43 <,
165 200.17 27 19 52 41 <<
166 200.17 28 20 50 37 <<
167 200.17 27 19 52 41
168 200.17 27 17 50 36 <<
169 200.16 27 19 52 40 <<

5-19-78 170 200.14 25 20 55 36 <<
171 200.14 26 19 55 39
172 200.12 25 20 55 35
173 200.12 25 18 54 36
174 200.14 26 20 54 35
175 200.14 26 20 54 35
176 200.13 26 20 53 35
177 200.13 25 20 54 36 <<
178 200.13 25 20 53 36 <<
179 0.13 25 19 50 35 <<
180 200.14 26 19 50 40 <<
181 200.14 26 19 50 35 <

5-31-78 182 200.13 29 20 55 38 <
183 200.13 28 18 55 36 <<
184 200.13 24 18 55 38 <<
185 200.15 27 18 58 38 <<
186 200.15 24 18 56 40
187 200.17 25 19 54 38
188 200.13 25 19 55 39 <<
189 200.13 24 20 56 28
190 200.17 25 18 55 40

,XIV-4



HUGHES-*FUL LER TON
Hughies Aircraft Company

Fullerton, California

TDL 200 PRECAP (CONTINUED)

oL INSI SSL SIFT SSP VSWR
SN 198-202 23-291 -17 >50 Z-35 3:1

6-9-78 191 24 19 55 40 <
192 24 18 55 40 1
193 26 19 55 40 <<
194 125 19 55 43 <<
195-201 Phase III Overage

_ _ I _
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APPENDIX XXV
PHASE IV FINAL ELECTRICAL DATA FOR

TDL-200 DEVICES



HUGHESFJLLER TON

Hughes Aircraft Company
Fullerton. C'ahfornia

TDL-200 FINAL TEST

198-202 23-29 217 ,50 35 3:1
LDC SN f LINS SS 1  S FT SSP VSWR

3-7-78 2
3 200.13 25 18 54 38
4 200.15 27 17 52 37 <<

3-8-78 7 200.12 28 17 55 37 <<
25 In
28 200.12 24 20 58 41 <<
29 200.12 24 19 57 42 <<
30 In
32 200.12 24 21 57 40 <<
34 200.12 25 19 55 40
35 29 13 53 40 <<
36 200.13 25 19 55 41 <<
37 200.12 25 20 57 42 <<
39 200.13 27 17 55 40 -<
42 200.13 26 17 55 42
44 200.14 26 18 54 44
45 200.14 27 17 54 41
47 200.15 27 19 54 43 <<
49 200.13 25 17 55 39 <<
51 out
52 200.16 28 17 53 40 <<
53 200.12 25 18 55 39 <-
56 200.12 25 19 55 38
60 200.13 25 20 56 39
62 200.14 25 20 55 38 <-
63 200.12 25 20 55 38
66 200.11 26 20 53 38
67 200.11 25 19 55 38 <-
69 200.12 25 20 55 38
70 200.11 25 20 56 38
71 200.12 25 19 55 38 <<
72 IWo"
74 200.12 24 21 55 38 <<
75 200.12 25 20 56 40 <'
76 200.14 25 18 55 37
78 200.11 25 28 55 37 <<
79 200.11 25 18 55 39 1-
80 200.1I 25 19 55 38 <-
83 200.12 25 20 55 40 <1
84 200.12 25 20 55 40 <-
87 200.15 26 19 55 39
88 200.13 25 20 55 40
89 200.12 25 19 55 39
90 200.15 25 17 55 38
91 200.15 25 17 55 38
93 200.15 25 18 55 3sxv-
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TDL-200 FINAL TEST (Continued)

198-202 23-29 217 ?50 >35 3:1
LDC SN I LINS SL SFT S VSWR

3-8-78 94 200.13 25 20 55 40 <<
97 200.14 24 19 55 42
99

100 200.13 24 19 57 41 <<
101 200.15 24 19 56 40 <<
102 200.15 24 19 57 40 <<
104 200.15 24 19 56 40 <<
107 200.12 26 20 54 39 <<
108 200.12 28 20 52 38 <<
110 200.12 25 21 55 37 <<
111 200.14 25 20 55 39 <<
112 200.13 25 20 55 40 <<
114 200.16 25 19 55 38

4-26-78 10 200.14 26 20 52 40
21
23 200.12 27 19 51 38
27 200.17 27 17 50 40 <<
31 200.17 26 17 52 40 <<
33 200.13 24 20 54 38
40 lU
50 200.13 24 19 55 39
54 200.13 24 20 55 39 <<5 5 ii iiiiiii !ii

58
61 200.13 26 20 53 40
65 200.13 25 21 53 39
68
92 200.13 25 21 53 38
95 200.13 26 20 53 38
109 200.13 26 17 53 38
113 200.14 25 20 54 39 <<
115 200.15 28 19 53 40 <<

5-17-78 1

6 200.15 25 20 55 40
8 200.15 25 20 55 37 <<

12 200.15 25 20 55 37 <<
15 200.16 26 19 55 39 <<
17 200.17 27 18 53 39 <<
18 200.17 26 20 54 37 <<
20 200.16 26 19 53 39 <<
38
43 200.14 25 20 55 37 <<
48 200.14 24 20 55 37 <<
57 200.15 25 29 54 36 <<
77 200.17 26 20 55 43 <<
82
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HUGHES-FUL L ER TON
Hughes Aircraft Company

Fullerton, California

TDL-200 FINAL TEST (Continued)

198-202 23-29 17 50 ?35 3:1
LDC SN f LINS SSL SFT S VSWR

0 S FT SP

5-17-78 118 200.11 28 19 55 41 <<
5-18-78 119 out

120 200.12 25 20 55 37 <<

121 200.12 25 20 54 37 <<
122 200.12 26 19 54 36 <<
123 200.12 26 20 55 37 <<
125 200.12 27 19 54 39 <<
128 200.13 25 20 55 36 <<
134 out

6-8-78 2 200.17 25 19 55 39 <<
15 200.17 25 17 54 39 <<
16 200.17 25 19 54 39 <<
19 200.17 26 18 53 42 <<
35 200.17 26 18 54 38 <<
51 200.15 25 20 55 40 <1
73 200.17 25 20 55 38 <<
96 200.16 28 20 54 40 <<
98 200.16 25 19 56 38 <<

103 200.16 24 19 55 39 <<
106 Ii
127 out
130 200.11 28 17 52 39 <<
138 200.13 25 20 55 38 <<
143 200.12 26 19 55 39 <<
145 200.12 26 18 55 39
148 200.15 25 20 55 40
152 200.14 23 20 56 42 <<
153 200.17 27 19 54 40 <<
154 200.14 26 20 55 40 <<
155 200.15 27 20 55 40 <<
158 200.18 26 17 54 40 <<
160 200.18 25 18 54 40 <<
163 200.12 25 18 56 40 <
164 200.17 25 18 55 40 <<
165 200.18 27 17 53 40 <<
166 200.18 29 20 53 43 <<
167 200.19 27 17 53 40 <<
168 Out

5-18-78 135 200.12 26 19 54 37 <<
136 200.12 26 19 54 36 <<
140 200.13 25 18 54 35 <<
141 200.13 25 19 55 35
142 200.13 25 18 54 35 <'
146 200.15 26 19 54 38 <'
147 200.14 25 20 55 36 <<
149 200.12 27 20 44 39
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TDL-200 FINAL TEST (Continued)

198-202 23-29 ?17 ?50 >35 3:1
LDC SN f LINS SSL SFT S~p VSWR

5-18-78 150 200.12 27 20 53 36 <<
169 200.13 27 20 54 39 <<

5-3±-78 14 200.15 26 19 54 41 <<
30 200.12 29 17 50 41 <<
26
64 200.16 26 18 54 40 <<
81
85 200.15 26 20 54 40 <<

105 200.16 25 19 55 38 <<
117 200.12 25 19 55 39 <<
132 200.13 25 20 55 38 <<
156
159
161 .04
162 200.16 27 18 52 39 <<

7-26-78 22 200.15 26 17 53 39 <
131 200.11 26 18 53 38 <<
180 200.12 25 19 53 39 <<
195 200.11 24 19 54 38 <<
196 200.13 25 20 54 40 <<
197 200.15 26 19 53 41 <<
198 200.13 24 19 54 40 <<
199 200.12 27 17 51 37
200 200.14 29 26 52 38
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APPENDIX XXVI
GROUP C ELECTRICAL TEST DATA



HUGHES-FULL ER TON
Hughes Aircraft Company

Fullerton, California

1950512-100 - BPQ LFE - Subgroup II
_ _ _3 5 ---15 3 5:

98-102 1.96-2.04 18-22 St3 S <-2:1
SN fo BW iJns S sp VSWR

691 - - 18.7 - 66 40
F 100.20 2.00 18.5 >35 60 41
P 0 0 -1. 1 0 -9.1 +2.5

130 I - 1.99 19.0 - - 40
F 100.165 1.97 18.7 >35 60 41
P 0 -1.0 -1.6 0 0 +2.5

40 1 - - 18.9 - 62 42
F 100.225 2.01 18.8 >35 58 43 a)
P 0 0 -0.5 0 -6.5 +2.4

100 1 - 2.01 19.0 - 62 -

F 100.21 2.00 18.8 >35 58 42
P 0 -0.5 -1. 1 0 -6.5 0 0

89 1 100.22 - 19.1 - 63 42 !

F 100.21 2.00 18.8 >35 61 43
P 0 0 -1.6 0 -3.2 +2.4

28 1 100.225 - 18.9 - 60 40
F 100.235 1.99 18.7 >35 58 42
p 0 0 -1.1 0 -3.4 +5.0 ... .

AAVE(% ))  0 -0.3 -1.2 0 -4.8 +2.5

MOISTURE- Subgroup II and I

.. 461 - 2.01 18.5 - 60 -

F 100.22 2.00 1 .4 >35 64 42
P 0 -0.5 -0.5 0 -6.7 0

351 - 1.99 19.3 - - -

F 100.22 2.00 19.1 >35 57 42
P 0 40.5 -1.0 0 0 0

164 I - 2.00 - 64 -- 42
F 100.215 1.99 19.4 >35 56 43

0 -0. 0 -12.5 42.4
991 - .01 18.7 - 67 -

F 100.21 2.00 18.5 >35 63 41
P 0 +0.5 -1. 1 0 -6.3 0 o

159 1 100.20 - - - 65 42 Z

F 100.19 2.00 19.2 >35 60 41
P 0 0 0 0 -8.3 . -2.4

153 1 100.19 - -19.5 - 70-

F 100.18 2.02 19.4 >35 60 42
P 0 0 -0.5 0 -16.7 0

AAVE(%

NOTES:
1. Dash indicates initial/final values are unchanged.
2. "1r indicates the parameter value at the in-process final electrical test (see Figure 5. 1-3).
3. "F" indicates the parameter value after exposure to Group C, Subgroup II or Subgroup I/

III testing, as noted.
4. "P" indicates the percentage changes from initial to final readings (F-I/I x 100), rounded

to the nearest tenth percent.
5. "AAVE {) indicates the average of all "P" values for the parameter and subgroup noted.
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1950515-100 - BPLN LIFE - Group II
a35 -50 t'-35

147-153 29.4-30.6 18.5-21.5 5 S p 3:1
SN fo BW Lins S si Sft S SP VSWR

151 - 30.03 19.2 - 57 37

F 151.095 30.05 19.0 >35 65 47
P 0 0 -1.0 0 +14 +27

651 150.915 29.93 19.7 - 62 39
F 151.00 29.62 19.6 >35 61 44
P 0 -1.0 -0.5 0 -1.6 +12.8

841 - 29.94 19.5 - 65 37
F 150.81 29.92 19.8 >35 60 36
P 0 0 +1.5 0 -7.7 -2.7

771 150.97 29.99 19.0 - - -

F 151.04 30.18 19.3 >35 60 37
P 0 +0.6 +1.6 0 0 0 o

122 i 151.17 29.94 19.8 55 37
F 151.115 29.75 19.7 >35 61 36
P 0 -0.6 -0.5 0 +10.9 -2.7

51 150.865 - 20.7 - 62 -
F 150.855 29.93 20.5 >35 60 38
P 0 0 -1.0 0 -3.2 0

AAVE ) 0 -0.2 0 0 +2.1 +5.7

MOISTURE - Group I and HI

126 1 151.11 29.71 - - 57 36
F 151.18 29.64 19.6 >35 60 35
p 0 -0.2 0 0 +5.3 -2.8

41 - - 19.4 - 55 37
F 151.11 29.66 19.5 >35 54 38
P 0 0 +0.5 0 -1.8 +2.7

1391 - - 20.4 - 69 39
F 150.90 29.82 20.3 >35 65 38
P 0 0 -0.5 0 -5.8 -2.6

1141 - 29.79 19.3 - 56 37
F 150.87 29.92 19.4 >35 58 36 19
P 0 +0.4 0.5 0 +3.6 -2.7

81 150.97 29.87 19.3 - 61 -

F 150.94 29.84 19.1 >35 63 37
... P 0 ... . -0.1 -1.0 0 +33. 0

37 1 - 29.76 18.8 - - 37
F 150.795 29.85 18.9 >35 55 36
P 0 +0.3 +0.5 0 0 -2.7

'AVE 0 +0.1 0 0 +o.8 -1.4

NOTES:
1. Dash indicates initial/final values are unchanged.
2. "r' indicates the parameter value at the in-process final electrical test (see Figure 5.1-3).
3. "F" indicates the parameter value after exposure to Group C, Subgroup H1 or Subgroup I/

III testing, as noted.
4. "P" indicates the percentage changes from initizi to final readings (F-I/I x 100), rounded

to the nearest tenth percent.
5. ",%AVE (%)" indicates the average of alt "P" values for the parameter and subgroup noted.
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HUGHES-FULLERTON
Hughes Aircraft Company

Fullerton. California

1950518-100 - PCQ LIFE - Group II

46-55 _>25 _>50 -35 -2.5:1
SN Lins Ssl Sft S VSWR

79 I 45.6 30 56 46
F 45.8 31 55 45
P +0.4 +3.3 _-1.8 -2.2

31 I 45.8 -- 1. -5
F 45.8 30 53 45
P 0 0 -3.6 0

54-1 45.8 28 -

F 46.0 27 55 46
. .. P +003.6 0 0

113 I - - - 43
F 45.9 32 53 45
SP 0 0 -4.7

129 I 46.0 - 53 45
F 45.7 30 52 46

P -0.7 0 -1.9 +2.2
35 1 46.2 32 56 45 -

F N/A . N/A N/A N/A Out

AAVE (01) 0 . - 5 0.9

MOISTUR E - Group I and III

23 1 45.2 1 25 55 146
F 45.4 30 53 { 45
P +0.4 _+20 -3.6 -2.2

46 1 - I 2-- " 4
F 45.2 32 56 45
P 0 0 0 _ +2.3

51 I 45.0 - 56 --
F 45.4 30 55 46
P +0.9 0 -1.8 0

85 1 45.5 I 33 56 43 "I
F 1 46.2 32 57 140
P +15 -3.0 +1.8 -7.0

131 I 1 45.3 29 56 43
F 45.4 32 55 45
P +0.2 + 10. : -1.8 +4.7

134 I 46.0 32 57 44
F 45.8 30 55 46
P -0.4 -6.3 -3.5 +4.5 .

AAVV. C;) +0.4 +3.5 -1.5 +0.4

NOT ES:
1. Dash indicates initial/final values are unchanged.
2. "1" indicates the parameter value at the in-process final electrical test (see Figure5. 1-3).
3. "F" indicates the parameter value after exposure to Group C, Subgroup I1 or Subgroup Li

III testing, as noted.
4. "P" indicates the percentage changes from initial to final readings (F-I/I x 100), rounded

to the nearest tenth percent.
5. "-NAVE C()"indicates the average of all "'P'' values for the parameterand subgroup notes.
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A-A8 126 HUGHES AZRCRAFT CO FULLERTON CA GROUND SYSTEMS GROUP F/B 9/5
PHOTOLITHOGRAPHIC TECHNIQUES FOR SURFACE ACOUSTIC WAVe (SAW) Ot-ETC(U)
DEC 78 A W DOZIER OAABO7-75-C-O0RR

UNCLASSIFIO WAC-FR-7-12-f-VOL- !W lrT.T .7-n lnWa.,a

END
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1950521-100 - PCLN LIFE - Group II

27-33 _20, 25 2:50 -e35 <35:1
SN Lins S S Sp VSWR

33 1 32.8 22 31 56 37
F 32.9 33 28 53 40
P +0.3 +50.0 -9.7 -5.4 +8.1

7 1 - 21 34 54 40
F 32.4 35 31 53 42
P 0 +66.7 -8.8 -1.9 +5.0

97 1 - 22 33 58 42
F 31.9 35 31 56 41
P 0 +59.1 -6.1 -3.4 -2.4

87 1 32.4 23 34 55 38
F 32.3 35 32 53 37
P -0.3 +52.2 -5.9 -3.6 -2.6

52 1 32.4 21 32 55 41
F 32.5 35 30 54 40
P 40.3 +66.7 -6.3 -1.8 -2.4

15 1 32.7 23 29 56 40
F 32.9 33 27 53 39
P +0.6 +43.5 -6.9 -5.4 -2.5

AAVE (%) 0.2 +56.4 -7.3 -3.6 +0.5

MOISTURE - Group I and M

89 1 - 22 33 56 38
F 31.3 34 30 54 36
p 0 +54.5 -9.1 -3.6 -5.3

123 1 31.8 31 28 55 43
F 32.0 34 31 53 41
p 40.6 +9.7 +16.7 -3.6 -4.7

122 1 - 28 29 56 44
F 31.6 32 31 53 40
P 0 +14.3 +6.9 -5.4 -9.1

1411 32.6 27 27 54 43
F 32.8 35 33 53 40
P 40.6 +29.6 +22.2 -1.9 -7.0

841 32.4 22 35 - -
F 32.6 35 33 56 40
P 40.6 +59.1 -5.7 0 0

155 1 32.4 27 29 52 43
F 32.7 35 31 50 41
p +0.9 +29.6 +6.9 -3.8 -4.7

SAVE o) +0.5 +32.8 +5.3 -3.1 -5.1

NOTES:
1. Dash indicates initial/final values are unchanged.
2. "r, indicates the parameter value at the in-process final electrical test (see Figure 5. 1-3).
3. "F" indicates the parameter value after exposure to Group C, Subgroup II or Subgroup I/

M testing, as noted.
4. "P" indicates the percentage changes from initial to final readings (F-I/I x 100), rounded

to the nearest tenth percent.
5. "AAVE (%)" indicates the average of all "P" values for the parameter and subgroup notes.
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HUGHES-FULL ER TON
lHughes Aircraft Company

Fullerton, California

1950524-100 - TDL-100 LIFE - Group 11
98-102 24-30 >17 -0 135 -4:1

SN f, Lins sl I SR Ssp VW1

1021 - - 19 50 37
F 100.08 27 20 52 38
P 0 0 +5.3 +4 +2.7

1211 - 27 - 53 37
F 100.08 28 20 50 35
P 0 +3.7 0 -5.7 -5.4

651 - 27 - - 38
F 100.08 28 20 50 35
P 0 +3.7 0 0 -7.9

431 - - - . 39
F 100.08 27 20 50 35
P 0 0 0 0 -10.3

411 - 27 . - 50 39
F 100.08 28 20 51 35
P 0 +3.7 0 +2.0 -10.3

881 - - - 50 39
F 100.10 27 20 53 38
P 0 0 0 +6.0 -2.6

0 +1.9 +0.9 +1.1 +5.6

MOISTURE - Group I and Ill

211 - 27 18 53 -

P 0 -7.4 +11.1 +1.9 0

591 - - - 50 42
F 100.09 30 19 55 40

-p 0 0 0 +10.0 -4. _

151 - - - 50 35
F 100.09 26 20 53 36
P 0 0 0 +6.0 +2.9

811 - 28 19 50 37
F 100.10 30 20 53 40
p 0 +7.1 +5.3 +6.0 48.1 o

271 - - 20 50 41
F 100.08 29 19 52 .36
p 0 0 -5.0 +4.0 -12.2

531 - - - 50 41
F 100.08 29 20 52 36
P 0 0 0 44.0 -12.2

AAv ) 0 -0.1 +1.9 +5.3 -3.0

NOT ES:
1. Dash indicates initial/final values are unchanged.
2. "1" indicates the parameter value at the in-process final electrical test (see Figure 5. 1-3).
3. "F" indicates the parameter value after exposure to Group C, Subgroup 11 or Subgroup L

IU testing, as noted.
4. "P" indicates the percentage changes from initial to final readings (F-1/I x 100). roum,,ed

to the nearest tenth percent.
5. "SAVE (T)" indicates the average of all "P" values for the parameter and subgroup r'ois.
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1950527-100 - TDL-200 LIFE - Group II
17 ->50 -35

198-202 23-29 S 3:1
SN fo Line Ss1  Sft sp VSWR

88 I - - 20 55 40
F 200.14 25 19 52 38
P 0 0 -5.0 -5.5 -5

60 I - - - 56 -
F 200.14 25 20 54 39
P 0 0 0 -3.6 0

37 1 - - - 57 42
F 200.14 25 20 55 37 ®
P 0 0 0 -3.5 -11.9

47 I - 27 19 54 43
F 200.16 26 18 56 38
P 0 -3.7 -5.3 +3.7 -11.6 o

112 I - - - 55 40 z

F 200.14 25 20 56 39
P 0 0 0 +1.8 -2.5

107 I - - 20 - 39
F 200.13 26 19 54 38
P 0 0 -5.0 0 -2.6

AAVE (%) 0 -0.6 -2.6 -1.2 -5.6

MOISTURE - Group I and M

141 I - 25 19 55 35
F 200.13 26 20 54 38

__ p __ 0 +4.0 _+5.3 _-1.8 +8.6
136 I - 26 - - 36

F 200.11 25 19 54 39
P 0 -3.8 0 0 +8.3

65 1 - 25 21 53 39
F 200.15 26 20 54 38
P 0 44.0 -4.8 +1.9 -2.6

231 - 27 19 51 38
F 200.14 25 20 55 39

____ 0 -_-7.4-- +5.-3 _+7.8 -+2.6-
12 1 - 25 - 55 37

F 200.14 26 20 54 38
P 0 4 0 -1.8 +2.7

128 I - - - - 36
F 200.12 25 20 55 37

P 0 0 0 0 +2.8
. 0 0.1 +1.0 +1.0 +3.7

NOTES:
1. Dash indicates initial/final values are unchanged
2. "r' Indicates the parameter value at the in-process final electrical test (see Figure 5. 1-3).
3. "F" indicates the parameter value after exposure to Group C, Subgroup 11 or Subgroup I/

III testing, as noted.
4. "P" indicates the percentage changes from initial to final readings (F-1Il x 100), rounded

to the nearest tenth percentage.
5. "A AVE (%)" indicates the average of all "P" values for the parameter and subgroup notes.
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APPENDIX XXVII
PILOT PRODUCTION YIELD DATA



HUGHES-FUL L ER rON
, ighn Aircraft Company

Fullerton, California

DEVICE DESCRIPTION BP-Q P/N 1950512-100

I. Wafer starts. thru photolithography. 0 33 die/wafer - 594 die

- - Poor photolithographic yieldI ! IP _ j ._1 Scratched metallization from cap probe,

I . J.-1-. % Improper metallization thickness

i. _2 Wafers @ 33 die per Wafer OR

396 Die to predice inspection

T- - .L_ % Reject due to excess visual defects

III. 333 Post die inspection data

"'4L- L4_1 % Excess chipping
Z -. 1 % Metallization scratched (cap probe)
"LL- - - 1  Handling damage

-.5- etallization voids

P& Unmounted spares

IV. 236 Die Mount & Bond

V.2 Precap Electrical Test
fo

m- 1 ... 4__"L ins

1 s.l.

% Sspur

% I VSWR

-% , I Other Scratched metallization

VI. 230 Precap QC (Visual Inspection of Header)

SForeign material (reworked)

" Scratched metallization (bought off)

%

VII. 2 10 Seal. Mark. Leak Test

0'15L_ .&_ % Proj. weld leakers

I L- LQ I Solder leakers Sn & Au plated pkqs.

1 .- 1 Post seal lid deformationf
-.,__ Unsealed

VIII. 176 Final Electrical Test and QC (External Visual only)

047 Z % VSWR
-_I_-_ _ % Lins

0 - Lost

_ _ )Delivered
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DEVICE DESCRIPTIONI BP-LM PAN 1950515-100

I.Wafer starts. thru photolithography. 0 12 die/wafer ~jgdie

t L A..31 Poor photolithographic yield

11. 13 Waters 0 32- die per Wafer OR

.416 -. ie to predice inspection

ct _123% Reject due to excess visual defects

111 365, Post die inspection data

thj Uilounted spares

IV. 333 Dlie Mo)unt A Bond

V. 333 Precap Electrical Test

S9- - .7% Handling damage -die

-- 5Spur
3 1.& ,VSWR

1 .3% Other - Toroid damage during tune A test

Vt. Pea QC (Visual Inspection of Header)

-. Metallization damage

-1 .4 M tetallization voids

V11 149 Seal, Mark. Leak Test

1w 3 _5.2% Proj weld leak
)Sn A Au plated pkqs.

~ I A~1  Solder seal leaker

n LiSealIed

V111. :0.c final Electrical Test and QC (External Visual only.)

~ I VSWRL :4 2.01-

144 Delivered
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DEVICE DESCRIPTION _ j P/N 15521:.1-

I. 11 Wafer starts, thru photolithography, 45 die/wafer 495 dieJ 1 9.1 t Poor photolithographic yield

IT. 10 Wafers @ 45 die per Wafer OR

4 Die to predice inspection
to 11 _2 % Reject due to excess visual defects

Ill _3 Post die inspection data

-1..AA44 Excessive chipping
' -lB % Metal too thick

~1. -1-15 Insoluble residue from dicing

--1- i5% Metallization voids due to lubricant attack through resist

%~ pinholes.

S Unmounted spares

TV. ,2.Q. Die Mount &Bond

4 Excessive RTV (improper mask, pattern too close to edge)

V. 198 Precap Electrical Test

- 5 -2.5% L ins
S3 1.5% S

sp
0--5 -2.5% VSWR

S3 -1.5% Scratched die

%

V1. 182 Precap QC (Visual Inspection of Header)

%

ViI. 182 Seal, Mark. Leak Test

6- 3.3% rce bead leak All Sn paepkgs

3.-3% Sode weld roselleak lea Sn plate

0 nseal ed

VilI. _IbI Final Electrical Test and QC (External Visual only)

.w1 26% Short
I 3 1.8s1. L

I~ __6,t VSWR

-9- 5 6 Pins clipped

16 Delivered
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HUGHES-FULLER TON
Hughes Aircraft Company.

Fullerton. Californsa

DEVICE DESCRIPTION .. TQ00 _. P/N os5I2Zz1al3.__

I. 31 Wafer starts. thru photolIthography. II _G die/wafer -;- die

4 12.41, Poor photolithographic yield:, _ 9.7J Handling damage

. 24 Wafers (a 1.: die per Wafer OR

2'M Die to predice inspection

'U t Reject due to excess visual defects

11. 3 Post die inspection data

5 .1 Handling damage
S 

, Metalli-at'on volds - contaminated alcohol

f nfliounted spares
IV. 123 Die MA)unt & Bond

_ .,.3;. Handling damage - die

1 Mtall iation damage during wire bondirni

v. ,16 Precap [lectrical Test11: 0
J 3 1.4 1, 1 in,

-4 1.gt St. t.

spur

, Other

V1 '01 Precap QC iVisual Inspection of Header)

V ll '01 Seal. Kirk. leak Test

ALII __M~f.00Sode seal leak

w- On .Usealede

Vill. Final Electrical Test and QC (External Visual onlO,
_U± .1.4 1- V WR
o,, -4 . 4 t. ti n s

I - Clipped pin

w7 el ivered

X.XVI- 5 m



DEVICE DESCRIPTIONT _ TDL-1O0 P/N 19S0524-100

1. 43 Wafer starts. thru photolithography. * 9 die/wafer - 387 die

- __L 7%T Poor photolithographic yield

I _ A_ . Overetched - Operator training

II. ,3_ Wafers * die per Wafer OR

Die to predice inspection

01 _5_. _.ZL Reject due to excess visual defects

Ill. 267 Post die inspection data

'" 35 -13.1% Handling damage

i Q Unmounted spares

IV. 232 Die Mount & Bond

5 .2- Metallization damage during wire bonding

V. 217 Precap Electrical Test

_4_8 Li
" ... ... 1, Ss.I,

" .. . .... : Sf.t.

Sspur
" __ _. 2' VSWR

_ _ . 4% Other Damaged die

VI. 210 Precap QC (Visual Inspection of Header)

-".. 4** Scratched metalli:ation

Vil. 207 Seal Mark, Leak Test

- 40 193% Solder seal leak (all pkgs. hand solderedl

Unsealed

VII. Final Electrical Test and QC (External Visual only)
F D-I _ _ ,P; VSWR

% Ln

_ Pelivered

0 Overage
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APPENDIX XXVIII
AUTOMATIC CAPACITANCE PROBE PROGRAM



HUWGHES f UL I E R 70N
Hijgies Airrra,'t Company'

Fullerto, Cafitfrld

890223 5''

OP0224
900225
941225

0U,0225 ABOkTr WRITE(TTP)ITH13 RON 1S COMPLETE.11
96226 hSITF(TTF)OD0 YOU WISH TO CONTINUE TESTING?(YiN)'g
800227 RL&tC #ANlIF ANX EQ Y THEN BEGIN KDOPL8411GOTO STARTOILNOJ
009234 END$

#6Won COMPILATION EFR5

0 91th p 9 1 ET PAGE lP24jOtVS~s6S

04pe OL MSSGC5P ,ANXDY/'YS/,N/'N'/,CAPVCOLVSSI ,CAPERDC?3 I
0 1101 a 0 5ST ARTP I
601MISFOR LINEGI THRU 265 DO hRITE(TTP)'f)
a q007WRITECTTP) 'PLACE THE PRO15LS OVER THE FIRST DI!VICE , LEAVE Tv4E'l
saaalpwRJTf(TTP)fPR03LS LIP , &NO PRESS THdE START SWITCHIF
@MontllWRITE(TTPI'ls WRITE(TTP)''s PAUSE It
GfI014START 1,

SIPPd IF L GE 2 THENJ I(K*I/
98P016 LvL.II
200017 IF L EQ I TNEN FOW LINE81l THOU 26 00 WRITECTTPI'hI
000P'22 IF CL EG 1) OR (L FU 2) THEN CAPZRO02911
90@4124 IF L EO 3 T"EN tIEGIN

SP0025 WITECTTP)OPROBE THE DEVICE AND PUSH THE START SWITCH11
00061 WR!TEIP)ITO CONTINUE.'UwQITECTTPI''IwRITFCTTP)''1PAUSE 21
150,2 ENDS
aPPIA32 awl
S809132 IF (L EQ 1) OR CL EQ 3) THEN SET MA 000 PIP ELSE SET MA 010 POP;
0860.35 SET MA 1911 1011
401036 AT PISL0u50CAP801
000041 ENA6Lf MR?
POPPAI1 POPP ALT F V'vv CIA01
16042 ENABLE MAP
O6042 0401 S5T F lip 1101
0616043 ENAVLF TFSTI
080044 SET R l1p 110;
9016045 CONN TCGM" 3,1
960046 SET PEFIOD IOE-6,RNGOl
OPP047 CGEN IC-1 1,41
OPOP54A SET TSI rELAY 40F-9,RNGO?
pmapb1 SET TGI N-irTm 5E-6,RN69I
066652 FORCE CIA O,.NGIIn
665653 FORCE El 5,RNG21
9689154 bET SC 0lRNG2FSfT 51 OsRNG2J

656056 SuSR TmSCTETA./TTSTDPSTART,STOP,TG,RES)I
040056 IF (TSTART LEO TSTI) OR (TSTOP LT MO-91 T04EN bEGIN
655957 OESaliGOTtO N71ENMITBTSTARTJSET T67 WIDTH ISE.kNGPI
600053 DELTATSTART.TSTOPI

s53665 If 1CELTA LI 0.16F-9 THEN SEGIN IF FAIL EQ P THEN RFS%3
0,647 EL.SE RfSv~lr,0Tn N7jfNOlOELTAsUfLTA/2ISET 1117 DELAY To
900074 SET SIAWT STAo)TIStT MAJOR ImSTOPIENARLE TEST$
960P~71Ra%.o~s4i CRNKI NFC 0 THEN OLGIN IF T EfD TSTART
655 102 714EN tECN HESm2,G0TO N7,ENOFAIL*ISTvT*ELTAGOTO NIJENDI
61678 IsY-OELTA1CITO Nit
@@alit 47teELSURE VARIA4LE RES,LOGf ENDI
565l112
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96112 H.RITECITP)ttflF L ED I THEN
999114 R1TE(TTP)ITNE TESTER 1S NOW MEASURING THE J

IG CAPACITANCE VALIILS'I

911115 IF L fQ 3 THEN
866116 WQIYECTTP)'THE TESTER IS NOW MEASURING THE 0

EVICE CAPACITANCE VALUE311
653117
s9a11? K(Co13
9166126 SKEwo40k.9f
931121 RESTxbP601
3PS122 VMAXa(SEb*5)M(E6*REST)1
0009123 DCL St-tA
000124 FOR Val THW4w1 Q 00o BEGIN

V160143 3T 3V V/I1VRNG21
96126 SET s1 V/le,RNG21
gill27 EXEC TTIME (9.9QE-6,2@E-9.P0l,7,RES)3
999134 IF (RES SE 1) OR (RES LT 3) THEN GOTO SXPSUM)
1639132 SU~vSUM+CRfS.SKEW)1
161133 WKSUM:
968133 ENDU
06133 CAP@((SUP*.1)/(REST*VMAX))l FORCE El 0,RNG21
866135 IF (L ED 1) OR (L ED 2) THEN BEGIN CAPZERU CLI CAPJ
89137 WRITkCTTP)''IWRITECTTP) 'CAPEROU',CAPZEROCLlJ
103141 GOTO STARTIIEND;
06142 IF (L EQ 3) OR (L EQ 4) THEN CAPoCAPeCAPZEROfL-2lj

116144
666144
049144 LAe1.rAPV1~im]CAPlNRITE(TTPIu'IWRITECTTP)'CAPu'.CAPuWRITECTTP1''I
966154 WgIEMTP)"11
966151 IF L ED 4 THEN BEGIN
663152 IF 9 ED DEVSS THEN 6070 ENnTESTf
663154 WRITECTTP)IMOVE TO THE NEXT DEVICE , LEAVt P

ROBES UP , AND PRES3'1
663155 WRITE(TTP)'THE START SWITCH TO CONTINUE TESTINGffLo61
666157 PAUSE KIENDIGOTO STARTII
949161
6o3e161
999161 ENDTESTI
96161 FOR Kai THRU DEVSS 00 BEGIN JuCK.1)*51NU~uCAPVCKlf
'AM164
'0164 IF NUM GT JE-10 THEN NUM899.9E-1211F NUM Ly IE*12 THEN

hP6167 NUHM.OE.121
635174 FOR EXPul 7HRU 15 n0 BEGIN
996171 IF NUM LT I THEN NUMoNUHOII ELSE GOTO JUMPIPENOO
333N174
363174 JuMPI: FOR 1o1 TNRU 9 On~ BEGIN AN3uNUH.Ij
M1617 If ANS LT P,999 THEN BEGIN NUMwANSIGOTO JUmPUENDUENDj
966201
663201 JUMP2: JoJ+11IF (ExP GT 16) THEN GOTO JUMP31
99204 P4556 (3) BOUT tI 13
9062P5 IF E.WP EQ 13 THEN BEGIN IUIIUEXPuEXP.IIG0T0 JUMP21ENDO
989211 NUFPUNUH*J9,EXP*&XP.1p
000213 IF NUM LT I THEN BEGIN InIMIGOTO JUMP21ENDI
@60216 GOTO JUMPII
948217 JUMP31E~uf
661217
000217
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HVUGN'S FULLfRrON
H44Wu Aierrr Copipany-

Fuljff ton Ca#o,'n,

$$flat WRITE (LP)

soffit i2PIdd lSor2e21 /MSSG(7#233.g/sG21 ,/I7/MSGt(925633,1
@66122

064222~

000222 CO

666222 MMP
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APPENDIX XXIX
CAPACITANCE PROBE DATA FOR BP-Q DEVICES

Al



HUGHES-FUL L ER TON
Hughes Aircraft Company

Fullerton, California

STATIC TEST PLAN CAP$ $h

3. •L
/ 88 *e S. 1.46 1t.4? * 1.46 1.26 *

[ ,U pro ,'o Pro Po Po•

.............. .............. ..............

* 6 * F,
0,30 4 6 75 66.03 * 6,31 ,13*
P• Plo * Pro 7,0 Pro Piro0

a......... ......... a .a aa a.a..

4 .21 6.56 6.14 j.~ 6.6 a'20 *. 17
Pro6 PPD Pr pro Pr 760 761

• " * * a

ieaaa~eaaaaa..a......... .... ........aa

6 Isp. /1 .

99.6 o...) P .20 6.53 a 6.15 6.63 *

Oa I 76 . 8. * 7610 8,6 * 7601 P617
XDPF PFV Pro PPO' * Pro Prop'

......... a a .e ..a.aa.a........ae a .............
*aaaaaaaaa.........aaaa.a................

* ii if~
.1146.379 8 .17 6,46 7.S ij 6

......... ... -..---...... a

7.901 6.53* 6.12 -. 6.46 7,12 6.170

0 8.22 6.549 6.13 6.46 * 6.68 6.09

pr Pro Pro Pro Pro PrO

* 8.0 76 'S.529 P.1 6 * 7.0 9.0 9

a r pr r r a ar r

.... a........ ........~aa .aaaa . ..........7 6.66 6.59 a 8.12 4 * 7.0. 5.10 *
Pa O Pro. * ) a Po 7O , p7o 60 *6

STATIC ~~~~ TETPA A#T .......!.. ..

• * / * / a

7.60 84.08 * 6.14 6.36 • 7.67 5.613 a
SPro PP0 a 76O 76O * Pro PrO a

........ : ........... ...............

a• 00 4.10.9 a (o.'1 6.32 * 7.5? 5.669 a

StAT* YFE PO PF4t CP * N 2Y P

••••aeaa•*a•*•••••*••••••a••*•••••••••••aaea•••*

ed g~l -4.66 a 6lg.30 .56 • * 5.66 082 •I " 2 a' " 60 ,, 6,, . ,F60 0
• a-. -

••a•a•a•aa a•a•a••a•a ••a.a•a•..•a•••• a••.•a.a•aa•a@•••a•aa•a•

I~i~t¢ lily ~i CX8IX-



ITATIC Mtit PLAN CAP@ IN I //

7 $ *s * 9.95 9,0

Pro PO *PO PO * Pro Pro

0 0 * 0

* ,.14 5.4 * ?.I7 o,41 ? .o*g 4.76 *
A0 Pro P70 Pr0 Pro Pr Pr0o7

*oeeeeeoeeeeeeeeoeee00ee000eeeeeeeeeWoooee ,

0 . $.a 1 5.4 69 0.* ,9 7 5.49 V17 .4 8.44 * 6.33 9.11 0

pr P, r ,0 . P0 PO • PO Pro• ,
•••••••••o.**•*..*••oo•••ieooooeegooo•oooooo

0 0• 0, /~ 0

• , 5o * 7.40 9,18 * $,30 3.34 *

•7o 7 • o P0 P . Pro Pro7
•* 0@ , 5.00

* O P o * Pro Pro pro P 0O

.19 910p pro * pO P s * PrO * .6 *

s 770 " 5.2 0 70 7.0 0 .o76.

Pro . . *rie S P Po0 PRO

.............. ...... ....ee... ..~ ~ .o o ....

* o ** * 0P pro * pro PRO

• 39.39 3,049 * 0.03 9 .35 5.16 A.O o
. Pro Pro PRP PP0 o PPO P70

L 0I 0 0 *

* 9.,60 " ".,B'@ * 7.370 9).31 * 5o5, 4.61 0

• P70 P7Pj * P70 P70 * 770 PP .

,j* , 9 °P * @9.59 5.3i * 6.76 4.66
* P770 d PVC) * PC P0 . P70 P70 0

........... * .** 0** 0*********** *********0000

oXXI.....o...ooooo-2.000oe0
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HUGHES-FULLERTON
Hughes Aircraft Company

Fullerton, California
• """"""'""'''''"" S 0'
•pro Pro Pro Pro Pro PRO

*.............. ............ e~aaB /.r

Pr.eo Prio pr.oo po pr 1.10 d,1*/

Salto90 P90 99 8 0 8.4 to 90.$

*..............a....Be... e.aaaaaea

• , : AC ,

• 6.669 1.169 * 6.050 5,140 * 6.6 d.70 a

p ro PrO * PF0 Pro PPD90 P90

Pr X Pro, pro Pro• Pro PrOaa..........*..ae.~aaaaOO*R

Po Pro • o Pro Pr pr---- o *

.... . . ...... .. .

• oa ,3 * a, ~ l 01 =0

• a F F * aF F

*6.3' 5.10 5670 6.60, .649 .969

,• 3 /, •

• rO Pro W ; Pro Pro PrO •

• 4.339 45.07 • 6.920 4o070 • 6.63 4,.63 /

.* .. . ... .... *..... ...... •e••. •

*639 .10 0 6,369 4.309 • 6.06 4.70

* a F * ao * • , ' /

•eeeetieet••e3te*ee6. ee0 e•••1s •o 4 ee7 eo••••••
*eeee0*• Poe• *•••*0*•• 90•••••••0•••••0••

* a a * 3

* 6.660 4.70 * 5.620 6.610 * 6.63 4.670 *-i

p• 0 Pr0 pro pro Pro P9
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*.................. .4........*4*4...........

: V 0.P FrP 1 f~ OF O FO PD

*4....444..........4.....* .4 . 4 ....

4

4.* *..... 4444...........*44444*

....... .. . 44444 .4 444

OF4 '4 pn 4"Q

.. .. .. .. .. .. . .. . .... . . . . . . .
...444 ....... I ......... 44444444

I .J 6 :I 16 " I, A,*, 4

to .... ........... .PV
. .'F . oo . .4 . . P( AO

too .4...t ............... I ........

too . .. A. 4. .. . .

.*.................. .. 4...4.......

OF. OPP.~* 00 0
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HUGHESFULL ER TON
Hughes Aircraft Company

Fullerton. California

PrO p *Po PP Pro Pio0

•g.*029 4.30 9.311 5.160'* 6.97 4,60
Pro Pro0 Po PPo0, Pr o *p ro

o....o..........o.... e.oo*~~~t*o

* 6.01 5.109 * 7.010 5.169 * 6.03 5.049

•Piro PFC Pro Opp o Pro Pro

6 II?Q 4.349 •6.059 5elO4 •,0 eoe 0o29
, 000 PO 0 • OPo PrO • Pro POD .

0............ ............. .0..O.. S

r06.009 S.200 * .469 95.300 *6,01 99.0o,* 0,00 0,012 * A.00 So01' * PoO0 000S •

•Piro PPI) pr pro P •pro prfO

• .?4 5139 • 940 o 0 0 6,10 do 06 0

* 6.00 4 * 6.0,0 , 6.1 5.13 * 60 9.

pro F 000 POD 00 0, Pro Pr9o

6,4 0 .6 .s .9 0 6.? 4.1

........... 0.... ..0......................
0.4 09.6 .0 a$

.' 6.,,g ,.2,0 • A.s4o 9.190* .01 0.,00 • *"

p* o PPl * PP0 00 * P0O Pro ,*............0..............0.**00

* A.3S0 0,10 * 50,90 .070 6.10 9.0 t
Pro pro pro P*o Pro Po *

.* 6.580 9.150 * 6.10 ".3000 • 6.76 4.00 •

* 000P POf o 0Pgg 000 • PPO 000 •

*' • 3.390 5.110 * 6.610 9.160 * 6o99 4.760 *
• PtO Pi* • PPO P0 * PO P00 •

* 0l 0



........ ....... ..

* 19 0. *0 1.* 6o 9

44 6

f.,. : 8~ ,180 .9

1.800 0 i

8619 9.139 6.049 306 *,9 67 4,709 A

SOD pro * PRO PRO PRO pro

* 0 4

* o.. to..... t tot..... ...............t0 *4

6 ,4079 5,039 7.04s 3.679 6,6 1.0 4.700
o PO pro PRO PO *Pro 000

00000000 5.119 00 .119 6,63 000004.000

o R Pr PRO pr PRO Pr

$si0 lo 7,020 plo . P 00 00.4,5

Pr pr pro Pr Pro PRO ti

o 0X-



HUGHES-FULLERTON
Husgl Aircraft Company

Fullerton. California

*test•• too •o•0••••0•••e00•••••0101'a•o

•I 39 3.1169 S .i3t Bello 6,45 4.940
• RO O pro PRO PRO • PRO pro •* o

• RO Pro PR Poold PRO PFo

6.0 .9 0 0.6 0,6 ~ o

pr pro eI Poo PRO a PRO Piro •0.600 3.36 6.676 5.1396 *.135 *.6ue

.19 155,23 6,0 0 /15.51 6.59 9.9
............... 0 ........ 0.: 0..............

• POD Pro, POO PRO • pro Pro
0* 4 , 4.6 9940 9.3 t *.1 4.3

Or r O r * Pr po
) * 0 0 0

000l0.000009 4.069 a 00li000010*000.3300.000

........ ..... 0 ... /........;

* .1 9.2 600549 69 96 0

*000000000$0000.0o04000030000 • °oe3 
/
00040000 •'* 4

RO PRO 3P;O Pro66 Piro Pro

........ ........ 0 0......

7010 9.,50 * 990 939 7.09 940
0.00 0 0 0 00 000 00 0 0 000 0 0 0e

•Iog ol°• oJ dlo* 0, i l *

7. P ~ 1 f • 6.53 4.3 0"

• ,0 9.4O" 1o9° 7,239 9,309 •01 o?

1 po* PRO PR O  * I$' 0

. 96;lO 1 10 6.oll 40 * 6.33 °,il •

0 *I0-*7 0



*O000 * aa aa aa..a .......... aaa ...

*000000000000090000* .0000000 .0*1******.0

5,633 9 7,09 U*.29 o.69 5,663
Pro Pro Pro Pro PVDo- Pro

Sa6,949 4.069 8.2 5. 239610 8619 4919

aPro Pro ;FDP Pro * Pro -Pro

a .5 .3 98 .0 .6 ,. a a

a6*?99 5,219 .. 789 5 .69 a6,690 3.760
(paPrD Proa Pro Pro Pro Pro

a a a a



HUGHES-FULL ER TON
Hugh~es Aircraft Company
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